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FOREWORD 


This  project  wis  conducted  by  the  U.S.  Navy  as  a  Departtnsnt  of  Dsfense  approved  RID 
effort  Air  Force  participation  Included  assignment  of  two  Air  Force  llalsoo  officers  and 
normal  base  support  during  overseas  deployment.  No  Air  Force  funding  was  Involved. 
Periodic  activity  reports  were  distribute  tc  appropriate  Air  Fores  organizations  with 
t  .erest  In  this  type  of  activity.  Some  additicnal  testing  of  subsystems  Is  continuing  at 
Pstuaent  NAS,  MaryUuJ,  but  Project  MUDDY  H'LL  Is  essentially  complsted  and  Its  re* 
sources  absorbed  into  the  U.S.  Navy  THI&t  program. 

This  technical  report  has  been  reviewed  and  Is  approved. 
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ABNER  B.  MARTIN 

Chlsf.  Technical  Opsratlons  Division 

Depu^  for  Limited  War 
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ABSTRACT 


Project  Muddy  Hill  was  sstabllshed  to  evaluate  the  feasibility  of  an  airborne  moRl-sensor 
night  re<"nnalssance  system.  It  was  a  Navy  project,  with  a  modified  Lockheed  P>2H  as  the 
test  vehicle  and  U.S.  Navy  personnel  from  Patuxent  NAS,  Maryland,  assigned  to  manage 
and  carry  out  the  test  program.  Two  Air  Fores  offlcsrs  partlclpe’rd  In  ths  program  as  an 
Air  Fores  liaison  .cam. 

The  primary  sensois  contained  In  the  aircraft  were  a  real-tlms  forward  looking  infraicd 
scanner,  a  low  light  level  telsvlslon,  and  a  pair  of  downward  jockl.g  Infrared  recorout 
devices.  After  equipment  Installation,  voms  testing  was  accomplished  at  Greeovllle,  Texas, 
and  Patuxent  Rtver,  Mstylsjir,  oefors  the  project  deployed  to  Southeast  Asia  for  operational 
tostlig  and  evaluation. 

The  project  waa  located  at  Udom  RTAFD,  Thailand,  for  four  months,  and  o'jerationsl  mls- 

«A,cui<iwI  of  Laoa.  Numerous  problem*  aaeo- 

elated  with  the  equipment  resulted  In  excesslvs  out-oi-commlsslon  ststus  and  marginal 
operational  capability.  It  muat  be  concluded  that  ths  project  was  unsuccessful  In  performing 
eflectlvs  reconnaissancs  In  mountainous  j'lngls  terrain  but  Its  primary  value  eras  In  re¬ 
vealing  dsflclmclss  tobs  corructod  In  follow-on  programs. 


tn  addition  to  security  requtrenenta  which  must  be  act,  this  sbstrset  ts  subjsct 
to  special  export  controls  sni.  :  '  .  transalttal  to  foralgn  govarnsants  or  (oratgn 
nationals  nay  be  wads  only  with  prior  approval  of  the  Technical  Oparatlooa  Division, 
Deputy  tor  Llaltad  War,  Urtght'Pacteraon  Air  Force  Base,  Ohio  4S433. 
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SECTION  I 
INTRODUCTION 


The  enemy  Uctict  and  the  topography  associated  with  the  conflict  in  Southeast  Asia  cre4teti 
a  unlciue  problem  which  established  s  reed  for  a  more  effective  and  possibly  new  tyT>e  of  night 
reconnaissance  capability.  In  an  etjurt  to  meet  this  challenge,  Pro]ect  MUDDY  HILL  was 
conceived  and  propo  sed  to  the  Department  of  Defense  on  23  July  1965.  Conceptually,  the  pro¬ 
ject  was  designed  to  provide  a  seU- costa* ned  csfiablUty  to: 

a.  Fly  to  a  pre-selected  point. 

b.  Search  for  and  locate  targets. 

c.  Collect  the  essential  Intelligence. 

d.  Mark  targets  for  follow-up  action. 

•.  r^rslsh  ''hard  '  oaui  loi  post-mission  analysis. 

The  concept  wss  approved  and  efforts  immediately  undertaken  to  translate  the  proposal 
Into  a  working  ayatem.  A  Navy  P-2K  waa  made  available  aa  the  teat  vehicle,  and  the  L'S 
Naval  Air  Teat  Center  at  Patuaent  Itiver,  Marshland,  fi»amed  cpemlonal  control  over  the 
project.  LTV  Eiw.trcjycten’S,  Inc.,  Greenville,  Texas,  was  selected  as  the  prime  contrac¬ 
tor  to  modify  the  aircraft  and  Install  ana  imctrate  the  various  subsystems.  Contract  go- 
ahead  waa  given  on  8  February  1966,  and  the  P-2H  waa  delivers  to  Grwu»il!«,  Texaa,  In 
March  1966.  Figure  1  shows  the  aircraft  conflgurativn. 

LTV  proceeded  with  the  modlflcattona  inefjiwhlle,  In  August  1966,  the  Navy  aircrew 
and  maintenance  crew  arrived  at  Greenville.  The  Navy  force  constated  of  seven  officers 
and  16  enltatcd  men.  The  plan  at  that  time  called  for  flight  testing  and  equipment  shake 
down  until  1  December  1966,  at  which  time  the  project  was  scheduled  to  depl<^  to  Thailand 
for  operat'onal  testing.  Since  most  of  the  equ>pmi*nt  waa  highly  developmental,  numerous 
problems  4ere  encountered  which  caused  siiccessivr  slippages  In  the  deployment  schedule. 

In  December  1966,  an  Air  Force  staff  office  <AFnDDll)  requested  two  Air  Fcrce  officers 
be  assigned  to  participate  In  the  project  and  secure  InformaUon  vihich  might  be  useful  In 
the  Air  Force  Shedllght  program.  Consequently,  one  officer  from  AF  Systems  Command 
and  one  from  TAC  were  assigned  TDY  to  accompany  the  project  t.'i  Southeast  Asia.  Also, 
the  Navy  malnten'ince  crew  \ias  rugmented  uitb  five  contractor  technical  representatives  for 
the  overseas  deployment. 

The  project  deplo)-ed  during  July  1967  to  Udom  RTAFB,Tb’lland,  and  conducted  test  and 
openttonal  fUgbia  from  that  location  until  the  end  of  November  1967.  Operational  flights 
were  flown  over  northern  Laoi  .and  over  Route  110  In  southern  Laos  (sometimes  referred 
to  as  'The  Sihanouk  TraH")  to  father  both  real  time  and  hard  copy  intelligence.  The  air¬ 
craft  contained  no  .at'tke  capability. 

The  original  deployment  schedule  called  for  th.-ee  months  at  Udom  to  conduct  recoonals- 
aasce  over  Laos  and  three  months  at  Tan  Son  Shut  to  reconnolter  the  .MeKong  Della  and 
coastal  areas  of  Sixith  Vietnam,  llou-rver,  because  of  continuing  prohlrms  with  the  sersor 
equipment  ,  the  Chief  of  Naval  Ojwratlons,  Washington,  D.  C.,  directed  the  project  to  ex- 
tecd  at  Udom  for  an  additional  month  snd  delete  the  Vietnam  phase.  The  project  terminat'd 
on  1  December  1967  and  returned  to  the  United  States. 
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SECTION  IT 

DESCRIPTION  OF  EQUiPMENTS 

A  lint  nf  equipments  t&BUlled  on  the  elrcnft  is  given  below.  Figure  2  ehowe  the  equipment 
isyout.  Figure  3  gives  the  seneor  coverage  nbuined  from  an  altitude  of  1000  fevt.  A  deecrtp- 
tlOD  nf  the  ms}or  equipments  le  Included  in  Appendix  I. 

1.  UST  OP  EQUIPMENTS 

a.  Senenre 

(1)  Downward  Looking  Infrared  Syetem  (DLIR)  -  Two  D-5'a  -  Texas  betnimenta,  Inc. 

(2)  Forward  Looking  Infrared  System  (FLIR)  -  FLIR  III  -  Texas  Instruments,  Inc. 

(3)  Low  Light  Level  Televlelon  (LLLTV)  •  Dalmo-Vlctnr,  In':. 

(4)  Active  Magnetic  Detection  Syetem  (AMDS)  >  Electro-Mechanlca  Cn. 

(5)  Starlight  Scope  -  Electro>Optlca  Syeteme,  Inc. 

b.  Navlgatlnn  Equipment 

(1)  LORAN  C  -  AN/ARN-78  (modified)  -  ^riy  Rand  Cnip. 

(2)  Inertial  Navlgatlnn  Syetem  -  LN-IS  -  Litton,  Inc. 

(3)  Versatile  Digital  Analyser  (Verdan)  Computer  -  Autnnetlca  Dlv. ,  North  American 
Rockwell  Cnip. 

(4)  Doppler  Radar  Set  •>  AN/APN-1S3(V)  -  General  Precleion,  Inc. 

(5)  Navlgatlnn  Track  Cnmputer  -  AN/ASN-2S  -  General  Precision,  Inc. 

(6)  Roller  Map  Dead  Reckoning  Dieplay  -  An/ASN-67  -  Applied  Sciences,  Inc. 

c.  MlacellaneouB 

(1)  Terrain  Following  Radar  (TFT)  -  APQ>110  -  Texas  Instruments,  Inc. 

(2)  DigJUl  DaU  System 

(3)  Mark  n  Panoramic  Camera  System  -  Perkln-Elmer,  Inn. 

(4)  KA-53A  Camera  System  -  Chicago  Aertal  Induetrles,  Inc. 

(5)  Aerograph  Set  -  AN/AMQ-17 

(6)  Radar  Altlmetar 

(7)  TRIM  7  aid  Vector  Sector  ECM 
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SECTION  m 

SUMMARY  OF  FLIGHT  OPERATIONS 


Taatlng  In  the  Southemst  Aeia  environment  wte  conducted  from  2  August  1987  to  26  Novem¬ 
ber  1967.  Tho  nigd^  program  conaleted  of  the  following  categorlai; 

a.  Road  and  river  recoonaleeance  mieelona  on  Route  110  and  the  XeCoc.^  River  In  Tiger 
Hound  section  of  Laoe;  11  eortlee  -  49.  ^  hours. 

b.  Infrared  mapping  mlseions  In  the  Barrel  Roll  aector  of  Laos;  S  aoitiea  -9.5  hours. 

e.  Testing,  training,  and  e<iulpment  check-out  flights  In  the  local  area;  46  sorties  - 
97.1  b^e. 

All  the  fllEdits  In  category  a.  above,  with  one  excei«tlon,  were  night  mlaaloos,  deliberately 
flown  at  varloue  hours  of  darkness  In  order  to  cover  a  wide  range  ^  thermal  contrasts  among 
ground  objects.  The  one  exception  wae  a  high  altitude  <3, 000  feet)  day  famlUarlutlon  flight. 
Two  of  the  nij^ts  In  category  b.  were  flown  at  dawn,  and  the  thlrt  was  flown  Just  after  duek. 
Tbeee  times  were  selected  to  coincide  with  enemy  h^eaeeplag  actlvltlea.  The  local  flints 
of  category  c.  were  flown  during  random  day  or  night  houra,  depending  upon  the  purpose  of 
the  mission.  Figure  4  ahowe  the  location  of  the  operational  flights. 
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SECTION  IV 
OPERATIONAL  RESULTS 


1.  FORWARD  LOOKING  INFRARED  SYSTEM  (FliR) 

Tbe  FLIR  in  wia  test«d  under  daylight  and  nighttime  conditions,  during  rainy  and  dry 
seasoes,  and  at  aiUtudes  from  500  to  5,000  feet.  In  general,  vehicle  detection  was  achieved 
on  hard  surfaced,  two  lane  highways.  However,  tbe  FLIR  was  ucsatls factory  as  a  vehicle 
detector  at  night  on  narrow,  dirt,  motorable  trails.  A  certain  degree  of  vehicle  detection 
csi'SblKty  was  demoostrated  In  tbe  Udom  local  area,  b*jt  only  on  clearly  defined,  two-lane, 
hard  surface,  and  Improved  dirt  roads.  Detection  was  even  difficult  on  these  local  roads, 
since  moving  vehicles  appeared  as  cold  targets  and  had  little  contrast  relattve  to  trees  and 
vegelatlon.  Classification  was  primarily  made  by  target  shape  and  relative  motion.  The 
FLIR  was  operational  on  six  of  the  rosd/rlver  reconnaissance  missions  in  Southern  Laos. 
During  these  flights,  the  FLIR  did  not  acquire  any  targets  which  were  not  easily  revealed 
to  the  bow  observer  with  a  starlight  srope.  Furthermore,  It  could  not  detect  watercraft  on 
the  XeCong  River  which  were  later  perceived  on  the  DLIR  Imagery.  It  was  a>'le  to  detect 
Area,  bomb  craters  and.  In  a  few  cases,  huts  and  buildings.  An  attempt  was  made  to  use 
the  FLIR  as  a  navlgatloo  aid  in  attempting  to  follow  a  road  or  a  river.  Occasionally  the 
sensor  operator  could  pick  up  the  road  or  river  and  relay  steering  commands  to  th«  pllct; 
although  the  FLIR  was  not  able  to  demonstrate  this  c^>ablllty  consistently. 

It  Is  felt  that  a  number  of  &ctors  contributed  to  the  Inability  of  FLIR  in  to  detect  vehicles. 
These  factors  were: 

a.  Degradation  of  the  presentation  at  the  display  caused  by  electronio  noise  (S/N  ratio). 

b.  Display  site  (3"  x  8”)  was  considered  too  small  for  target  detection  and  classification. 

c.  Low  graxlng  angle  caused  by  the  low  altitude  of  operation  (1,000  fQ  which  is  required 
for  sensor  detection  capabilities.  As  a  result,  the  masking  by  the  trees  will  Inhibit 
target  detection.  In  (act,  tc  the  FLIR  operator,  trees  overhanging  a  road  look  Ilka 
vehicles. 

d.  Lack  of  thermal  contrast  between  trucks  and  vegetation.  Single  lane  roads  are  the 
same  width  as  the  trucks,  so  the  cold  trucks  blend  with  the  cold  foliage,  making 
target  definition  by  shape  practically  Impossible. 

a.  Weather  conditions  during  the  rainy  season.  Rain,  little  heating  by  the  sun,  etc.  oould 
bsve  eoBtrlbnted  to  the  poor  performance  during  the  monthe  of  Sept  and  Oct. 

Farther  Itsms  of  note  which  In  themselves  did  not  directly  affect  target  detection  capability, 
but  which  muat  bo  conaldered  In  as  evaluation  of  FUR  m  were: 

a.  Tbe  detection  mage  of  the  FUR  la  very  limited.  Tbe  earliest  the  opemtor  could  pick 
up  vehicles  (on  well  defined,  two-lane  roeda)  was  at  60  degrees  depression  angle, 
wUch  corresponde  to  about  1200  feet  slant  range  or  about  600  feet  ground  range.  In 
moot  caaea,  the  operator  bad  to  slew  the  scanner  to  nadir  to  follow  the  target  for 
definite  clasatflcatlon. 

b.  Tbe  FLIR  m  le  not  roll  atabllited,  which  reeulte  In  lose  of  desired  viewing  sree 
during  aircraft  movements.  This,  coupled  with  tbe  FliR'a  dsitow  field  of  view, 
reetricto  Its  uaeAihieas  while  the  sirerafl  la  maneuvering. 
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0.  The  ahltade  capability  of  the  FUR  la  limited.  The  minimal  detection  oapeblUty  re- 
•trlcted  Ite  uae  to  altltudea  between  1,000  and  2,000  feet.  In  enemy  defined  moun- 
tainoua  terrain,  theee  are  not  deelrable  operating  attltudea.  Railing  the  altitude 
would  not  only  Improve  thlb  altuatlon,  but  would  aleo  aid  In  eliminating  the  maiking 
problem  referred  to  previously. 

d.  A  FUR  monitor  was  originally  installed  In  the  cockpit,  but  wae  considered  to  be  of 
no  uieftil  value  to  the  pilot  for  either  target  detection  or  navigation.  The  FUR'e  short 
range,  kck  of  roll  stabilization,  and  the  fact  that  It  can  only  be  controlled  by  the 
aensor  operator  makes  it  unaatiefsctoiy  for  use  In  the  cockpit.  In  addition,  the  moni¬ 
tor  hinders  night  vision  and  could  tend  to  distract  the  pilot  from  other  Instruments. 

e.  The  FUR  experienced  numerous  maintainability  problome,  especlslly  with  detectors 
and  coolers  during  the  testing  period.  It  was  operational  mainly  during  the  period  of 
24  August  1967  to  13  October  1967,  after  which  the  cooler  falM  completely.  A  new 
cooler  aseembly  arrived  on  2  November  !$67,  and  a  Texas  Instruments  FUR  expert 
arrived  on  17  November  1967  In  a  final  effort  to  Improve  the  performance  of  FUR  in. 
After  several  days  of  maintenance  and  adjustments,  the  FUR  produced  a  hl^ly  satis¬ 
factory  monitor  presentation  In  the  laboratory.  R  was  Installed  In  the  alrcr^  on  22 
November  and  was  operated  for  a  total  of  four  flights  before  the  completion  of  flight 
operations.  The  Improved  preeentatlon  produced  In  the  laboratory  was  not  attained 
after  Installation  in  the  aircraft,  sod  no  significant  Improvement  In  target  detection 
capablll^  was  noted  during  these  final  four  flights. 

2.  DOWNWARD  UXIKINO  INFRARED  SYSTEM  pUR) 

The  DUR,  like  the  FUR,  was  tested  during  all  hours  of  the  day  and  night  In  both  rainy 
and  dry  weather  eonditiona.  Normal  altitude  for  DUR  operations  was  1,000  feet.  For  the 
first  1  1/2  months  of  the  deployment,  only  the  aft  D-S  system  was  In  operating  condition. 
The  cooler  for  the  forward  syeten  was  damaged  In  transit  from  Texas  Instruments  and, 
due  to  various  delays,  was  not  operational  until  20  September  1967. 

The  two  D-5'a  produced  Imagery  rated  from  poor  to  very  good  by  a  Photo  Interpreter  (PI) 
from  the  "Cempasa  Esgle"  program  at  Tan  Son  Nhut.  The  "Compase  Eagld*  program  Is  an 
evaluation  of  the  RS-10  Downwsrd  Looking  Infrared  Systems  m^e  by  Texas  Instruments 
and  Installed  in  three  RB-S7a.  The  PI  analjlzed  Imagery  taken  from  teth  D-5s  for  opera¬ 
tional  as  well  as  test  flights  during  the  period  20  September  to  20  November  and  rated  the 
results  as  follows: 

Operational:  Very  good  -  1S% 

(10  fllghU)  Good  -  20% 

Fair  -  25% 

Poor  -  35% 

No  Film  -  5% 

Teet:  Very  good  -  14% 

(21fll^)  Good  -96% 

Fair  -  19% 

Poor  -  24% 

No  Film  -  7% 

Factora  coneidered  In  the  Pl’a  evaluatlcr  were  oootrast,  denelty  and  reeolutlon  of  the  Imag¬ 
ery  obtained,  ae  well  ae  matfunctlona  which  cauaed  unaattafactory  Imagery.  Ihuing  hie  anal- 
yale,  the  PI  noted  the  following  probleme; 
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t.  L&ck  of  propar  focus  on  the  forw;^  systam  for  a  majority  of  the  dapkymant  wfalch 
proven!^  fUie  edge  definition  necaasary  to  Identify  trucks. 

h.  Electromagnetic  Interference  or  noiee  causing  etrlatlons,  handing,  lotennlttent  video 
loea,  and  spikes  on  the  Imagery.  This  Interference  was  caused  aircraft  equipment 
such  as  the  doppler  radar  set  and  the  TACAN,  400  cycle  line  nolee  and  externally 
from  the  radar  equipment  of  air  traffic  control  centere. 

c.  The  Inability  of  the  technicians  to  properly  adjust  the  systems  for  contrast,  gain,  time 
constant,  and  cosine  eetUngs  for  optimum  Imagery. 

d.  Lack  of  roll  stabilization. 

All  of  ttis  previous  problsms  Intermittently  and  In  varying  degrees  prevanted  the  D-Ss  from 
obtaining  consistently  good  Imagery.  It  Is  evident  that  these  problems  were  responslbls  for 
the  failure  of  the  DLIR  to  prm'lde  a  pceltlve  capability  of  detecting  vehicles  on  film  obtained 
from  operational  mlsalonn. 

Numerous  passes  were  made,  over  a  resolution  target  during  the  laat  two  weeka  of  the 
flight  program  In  an  attempt  to  determine  the  D-5  epatlal  reeolutlon  capability.  It  was  ct’> 
culated  that  the  forward  0-5  yielded  a  resolution  of  about  1. 35  mllUradlana  a^  the  af;  about 
0.69  mlUlitdians.  There  was  reason  to  heltevs  that  the  degradation  In  reaohjtloa  froia  the 
0.  ^  mlUirsdlsn  d-alen  «p^tf1c«t*pn  r^ild  sttrC!r.:tcd  *z  a  cainbi.Uiliou  oi  system  s^setron- 
lea  dUfleutUes  and  poselhle  mleallgunent  of  Internal  ecanner  optica.  However,  the  D-ls  can 
atlll  he  coneldered  high  resolution  'iyetema.  Figure  5  Is  s  night  photograph  of  Udom  RTAFB 
obtained  from  the  forward  D-5  eystem. 

In  spite  of  having  a  high  spatial  resolution  capability  and  a  half  degree  NET  resolution,  the 
D-5a  could  not,  with  any  degree  of  vonslatency,  detect  trucks  on  the  narrow,  dirt,  infiltra¬ 
tion  routes  typical  of  southern  Laos.  On  the  last  three  operational  missions  along  Routs  110, 
a  total  of  to  trucks  was  visually  sighted.  During  post  flight  analysis  of  the  imagery  of  thess 
mtaslons,  photo  Interpreters  were  not  able  to  poeltlvaly  Identify  any  trucks  on  their  Initial 
study  of  ^  dim.  After  correlsting  time  of  the  visual  sightings  with  the  sams  time  annotated 
on  the  film,  they  were  able  to  Identify  positively  approximately  25%  of  the  tracks.  The  trucks 
on  Routs  1 10  showed  as  point  eource  hot  targets.  The  road  al  so  showed  hot  sod  was  narrow  enough 
that  the  trucks  were  abemt  as  wide  ae  the  road.  Thla  factor,  plus  the  Isck of  definition  vf  the  trucks , 
added  to  the  detection  problem.  The  D-5e  aleo  had  no  f^iage  penetration  capsbllliy. 

Tbs  I>-5a  were  readlfy  able  to  detect  boats,  both  motorized  and  non-motorlzed,  on  the 
XeCoog  River  In  the  vicinity  of  Route  110.  Also,  water  buffalo  In  open.  Isothermal  fields, 
wheel  ruts  In  open  sectlODf  of  road,  and  trees  were  easily  detectable  on  most  imagery.  The 
D-5S  also  have  the  capability  of  producing  reaaonabty  good  Imagery  for  ground  mtpplng 
purpocea.  On  well-defined  two-lue  roade,  both  pav^  and  unpaved,  vehicle  targets  ara 
esjlfy  di^cemlhla  on  D-5  film.  Figure  6  contains  two  samples  of  IR  photograpt^  showing 
vehicles  and  other  objects  with  fair  resolution. 

3.  LOW  UGHT  LEVEL  TELEVISION  SYSTEM  (LI.LTV) 

The  LLLTV  was  not  In  working  condition  for  the  mnjorify  of  the  deploymeaf ,  so  It  was  not 
ftilfy  evaluatsd  In  ths  opsratlonal  envirooment.  It  was  ussd  for  onfy  ons  operational  mission 
sloog  Route  110  befors  It  was  removed  for  rework.  The  original  SEC-Vldlcoa  tube  drveloped 
a  delect  which  had  become  apparent  during  the  flight  teattng  phase  at  LTV  Klectroeyeteme 
as  earfy  as  November  1966.  About  30%  of  the  area  on  the  monitors  became  blurred  on  the 
center  right  hslf  of  the  tJie  around  a  balo-Uke  hrlgbt  spot  the  size  et  a  quarter.  The  defect 
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Figure  S.  Night  IR  t’hctogrmph 
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Flj’iP*  6.  D-5  Pbotosnpbt 
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grew  progreMlnly  worse  during  the  early  eUgee  of  the  deployment  until  It  wu  decided 
durtog  the  middle  of  September  to  change  the  tube.  While  atteniptlug  to  change  the  tube.  It 
was  dlecovered  that  the  wiring  dlagramu  were  not  complete  enough  to  complete  the  change. 
Baaed  on  this  and  the  recommendation  of  the  coutractor,  the  ayetem  was  aent  back  to  Dalmo- 
Vlctcr  on  27  September  1967  for  rework.  The  eyetem  wae  hand  carried  back  to  Udcm  by  a 
Dalmo-Vlctor  technical  repreeentatlve  on  13  November  1967,  wma  reinatalled  and  ready  for 
flight  teatlng  on  IS  Novem^r  1967. 

It  la  difficult  to  determine  whether  the  da*a  collected  on  the  one  operational  fll^  haa  any 
validity  because  of  the  defect  In  the  tube.  Hiwever,  It  «se  determined  by  the  aeneor  operator 
that  target  detection  would  have  been  doublful.  Lighting  coiidltlona  in  the  area  were  goixi  -  3/4 
moon,  excellent  vlelblUty,  a  high  thin  overcaet  having  little  adveree  effect.  Treee  and  ehad- 
ows  along  Route  110  creat^  controat  patteme  much  the  eamc  aa  tnicka.  There  seemed  to 
be  Insufficient  definition  ability  Inherent  In  the  LLLTV  to  distinguish  a  truck  from  •  tree  or 
ahadow  on  the  road.  Ae  with  the  FliR,  the  low  altitude  of  operation  cauaea  a  low  grazing 
angle  and  compUcetee  the  operator’e  Job  of  picking  out  trucke  from  among  the  trees  and 
foliage.  It  le  apparent  that  the  eensor  must  be  directly  aligned  on  the  rood  to  have  any  op¬ 
portunity  of  target  detection  at  lower  altitudee. 

The  LLLTV  was  evabia ted  during  the  laet  two  weeks  of  flying  operatlona  for  nine  flights 
In  the  Udora  local  area.  It  was  teet  flown  fron  aitltudee  of  SOO  to  10,000  feet.  It  wae  deter¬ 
mined  that  It  could  be  naed  aa  a  navl^tion  aid  at  llgfai  levels  down  to  1/4  moon.  Below  1/4 
moon,  naeful  navigational  information  la  extremely  limited.  The  effective  altitude  for  use  aa 
a  navigation  aid  depends  on  the  preclelon  deelred  and  on  the  light  level.  At  light  levels  of 
1/2  moon  or  greater,  gross  navigation  (1.  e.  well-defined  roads  and  rivers,  etc.)  can  be 
compUehed  even  up  to  10,000  feet.  Naturally,  the  lower  the  altitude  the  more  detail  that  can 
be  eeen  and  the  better  the  contrss.t  and  reeolutlon  'A  the  viewed  ecene.  However,  flying  too 
low  (below  1,000  ft)  decreaeee  effectlveneoa  because  of  increased  relative  motion  of  aircraft 
h>  the  ground.  At  ll^t  levels  between  1/4  and  1/2  moon,  (he  LLLTV  le  effective  aa  a  naviga¬ 
tion  aid  with  optimum  operating  altitude  between  1, 000  and  2, 000  feet.  It  ebtxild  be  pointed 
out,  however,  that  the  LLLTV  hae  no  capability  for  depth  perception  and  Its  use  at  low  level 
in  mountainous  terrain  would  be  limited.  A  further  dleadvantage  la  that,  with  ten  degrees 
depreealon  angle,  the  horizon  degradee  contrast  of  the  viewed  ecene  by  making  the  picture 
too  bright. 

During  thle  time  period,  tests  were  also  conducted  to  determine  the  feasibility  of  the 
LLLTV  se  a  target  detection  device,  although  It  aas  realized  that  this  wide  angle  system 
was  oot  designed  se  such.  Tests  conducted  bore  out  the  fact  that  It  was  not  able  to  detect 
vehlclee.  Repeated  rune  were  made  over  •  3/4-toa  pickup  truck  on  a  single  lane  dirt  road. 

The  eenaor  operetor  wae  unable  to  dieern  the  unllghtcd  truck  from  tree  thadowe  along  the 
road.  Another  lens  aeeembly  of  the  narrow  angle  or  zoom  variety  Is  required  If  target  de¬ 
tection  Is  deelred. 

For  the  first  few  fliidita  after  the  new  tube  wae  Installed,  tube  aenalUvIty  was  very  good, 
and  point  light  sources  stood  out  vividly  In  the  display  with  a  minimum  of  blossoming.  One 
problem  encountered,  bemever  wae  that  st  a  distance,  flree  ind  lights  from  other  sources 
looked  alike.  The  LLTV  was  damaged  during  a  dsyllgbt  flight  three  flights  before  the  end  of 
the  flight  teettng  program.  It  was  obviously  ctue^  by  reflection  from  the  aun,  but  the  reason 
la  unknown,  aa  the  Iris  control  was  on  MA.NUAL  and  tuned  all  the  way  down.  A  permanent 
streak  was  etched  diagonally  through  the  center  of  the  tube.  The  last  flight  on  which  the 
LLLTV  was  tested,  which  was  after  the  damaglcg  of  the  tube,  point  light  sources  caused  an 
exceptional  amount  of  blooming.  In  addition,  ■  blurred  section  appeared  m  the  tube  which 
looked  quite  elmllar  to  the  defect  which  marred  Lhe  previous  tube.  It  is  likely  that  the  re¬ 
flected  light  caused  this  damage. 
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During  the  evihj»''oo  of  the  LLLTV,  the  sensor  operators  favored  the  Sony  monitors  b> 
those  furnished  by  Lwlmo-Victor.  The  contrast  Sfipeared  much  better  on  the  Sony  monitors, 
although  the  Datmo-Vlctor  monitor  seemed  to  have  better  resolution. 

All  test  nights  for  the  LLLT\'  were  conducted  eoncurrently  with  the  bow  operator  using 
his  naked  eye  or  the  starlight  scope.  Periodically,  the  sensor  operator  S'  6  bow  operator 
exchanged  positions;  and  at  varicua  times,  other  individuals  eompared  '  -  yea,  the  star¬ 

light  scope,  and  the  LLLTV.  It  wna  the  eonsensua  of  opinion  that  a  bow  -  ver  who  is 
night  adapted  can  ace  as  much.  If  --ot  more,  with  his  naked  eye  or  the  4o- degree  FOV  etar- 
tlght  scope  than  with  the  LLLTV. 

4.  ACTIV’E  MAGNETIC  DEIECTION  SYSTE.M  lAMDS) 

This  system  Is  s  prototype  m  xiel  vbich  was  installed  primarily  to  gather  test  data,  de¬ 
termine  system  weaknesses  and  capni’ll'.tles,  and  provide  guidance  for  future  development, 
.\r.y  operational  vahi«  w’o<j1d  be  a  slue  b.  nefit. 

During  the  early  part  of  the  deployment,  the  system  was  used  regularly  against  tarjrta 
of  opportunity  In  conjunction  with  the  other  on-board  sensors.  Targets  were  delected  onlv 
sporadically,  and  numerous  false  target  responses  were  recorded.  It  became  aoparent  uint 
considerable  calibration  and  adjustment  of  filter  elementa  would  be  required  to  optimire  uie 
aystem  effectiveneaa.  In  addition,  repeated  testa  agalnct  controlled  ground  targets  would 
have  to  be  flown  In  order  to  gather  target  signature  eharacteristlca.  It  was  then  decided  to 
defer  further  testing  of  this  system  and  direct  the  full  effort  toward  evaluation  of  the  primary 
equipment. 

A  final  effort  to  obtain  some  meaningful  results  from  the  AMDS  was  Isunched  during  the 
last  two  weeks  of  the  deployment.  Two  company  technics]  representatives  arrived  and  a 
aeries  of  teat  flighte  were  flowii.  A  number  of  field  modificationa  were  made  in  attempts 
to  attenuate  unwanted  signals,  compensate  for  local  terrain  effects,  and  optimise  gain 
settings.  It  Is  fell  that  conslderabls  progress  was  made  which  should  be  reflected  In  follow- 
on  designs. 

It  should  be  pointed  out  that  this  system  will  not  by  itself  identify  a  target.  Its  value  lies 
in  providing  an  alert  that  a  target  has  been  detected  and  subsequent  Idenlificatloo  must  be 
sct'ompUshed  by  other  means.  This  properly  Ota  In  with  the  multi-sensor  concept  under 
which  this  project  was  developed. 

5.  NAVIGATION  ffi'STEMS 

a.  LORAN  C  -  Inertial  Navigation  System 

The  LORAN  C  -  Inertial  Nsvlgatioo  System  wna  never  successhilly  Integrated  and, 
therefore,  no  evaluatloo  of  its  performance  is  poealble.  The  reason  for  ths  falhirv 
to  integrate  the  system  can  be  narrowed  down  to  N’o  primary  areas: 

(1)  Tns  LN-15  Insrtial  System  could  not  be  brought  to  function  properly  until  the  very 
end  of  the  deployment. 

(2)  Tha  Interface  problem  of  integrating  the  ARN-79  and  the  LN-IS  vith  the  Verdan 
computer  was  never  completely  solved  because  of  dUricuKies  with  the  computer  pro¬ 
gram  accepting  data  from  theas  two  systems  eoncurrently. 
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Th«  ARN*78  fuBotlooad  KatUfactoiily  In  tha  fna  1X}RAN  node  for  the  noct  of  the  program 
duration.  During  the  lut  three  weeka  of  the  deployr.ent,  a  few  modulee  malAinctloaed;  but, 
overall,  the  ARN-79  wai  a  reliable  Item  of  o<}ato)^ent.  With  the  aeelataace  of  extra  technical 
repreeentatlTea  from  Litton,  the  LN-15  ftinctloned  aatlafactorlfy  for  certain  brief  perlode  of 
time.  An  all-out  attempt  waa  made  dull,  f  the  latter  atagea  of  the  deploTment  to  Integrate  the 
Bjratem.  Litton  provided  two  extra  technical  repreaentatlvea,  and  LTV  Electroejatema  pro¬ 
vided  one.  Four  daya  before  the  termlnatloo  of  flight  teatlng  program,  the  LN-IS  waa  flown 
aucceaafully  In  the  tree  Inertial  mode  of  operation.  Unfortunately,  however,  a  module  on  the 
ARN-78  had  failed;  ao  a  final  attempt  to  Integrate  the  lyatem  could  not  be  accompUahed. 

b.  APN-1S3  Doppler  Radar  Set 

The  APN-153  Doppler  Radar  Set  Amctloned  well  throughout  the  program,  and  it  waa 
regularly  i»od  In  conjunction  with  the  Verdan  computer  In  the  DR  mode  and  alao  with 
the  ASN-2S  Dead  Reckoning  Computer,  which  functioned  normally  Uiroughout  As  etated 
in  previous  Activity  Reports,  the  only  successful  tactical  navigation  device  waa  the 
Doppler  Navigation  System  combined  with  tite  ASN-2S  using  beading  inpute  either  from 
the  Inertial  System,  when  It  aaa  able  to  furnish  reliable  heading  information,  or  from 
the  aircraft  compare  system.  This  system,  although  reliable,  la  not  suitable  for  ob- 
talnlog  precise  navigational  data. 

c.  ASN-<7  Roller  Map  Dead  Reckoning  Dfeplay 

The  ASN-67  Roller  Map  Dead  Reckoning  Display  never  functioned  properly  In  the  air¬ 
craft  due  essentially  to  problema  In  Its  computer.  It  waa  returned  to  the  Weapon  Sya- 
tema  Teat  Center,  Patuxent  River,  Maryland  twice  for  rework,  but  still  waa  Inoper¬ 
able,  It  was  unfortunate  that  this  system  was  not  evaluated  because  It  waa  felt  that  a 
roller  map  type  of  display,  with  accurate  Inpute  of  heading,  drift,  and  ground  speed 
could  be  an  excellent  method  of  navigation  for  a  muttlsensor  aircraft.  It  would  ade¬ 
quately  solve  the  two  problems  confronting  the  pilot  and  navigator: 

(1)  A  means  to  obtain  a  precise  geographical  fix  of  any  target  that  arises. 

<2)  A  method  to  foLjw  a  road,  river,  etc. 

Equipping  the  point  mechanism  of  the  roller  map  which  traces  the  aircraft's  path  with  a 
marking  material  of  some  sort  would  provide  a  useful  post  flight  analysis  tool. 


Tha  oueattoD  arises,  la  It  absolutely  necessary  to  have  such  a  precise  navigation  system 
as  the  prepoaed  accuracies  of  the  LORAN-lnerUal  Syetem  wwld  ^vi  provided?  For  a  real- 
tlma  aenaor  aircraft  with  a  self-contained  strike  capaMUty,  or  even  a  sensor  aircraft  work¬ 
ing  In  conjunction  with  a  strike  aircraft  (Hunter/Klller)  a  highly  accurate  system  hardly 
seems  neceasaiy.  Strike  and  forward  air  control  alrcnft  appear  to  be  having  little  naviga¬ 
tion  dtlflculty  in  locatln:;  Communiet  Inftltratlon  routes  In  Southeast  Asia  today.  Of  course, 
tha  more  accurate  the  navigation  system ,  the  easier  the  job  becomes  for  the  aircrew.  For 
a  multl-seuor  aircraft,  whoae  functlor  it  la  to  reconnolter  an  area  over  extended  durations 
of  flight,  finding  such  tMnga  as  truck  parka,  troop  concentratlona,  storage  areas,  etc. ,  and 
than  posting  the  information  on  for  subsequent  aralyBla  and/or  st^e,  an  accurate  navlga- 
tloD  system  ta  uaceaaary  and  desirable.  However,  the  trade-offa  In  equipment  complexity, 
coat,  and  malnULuabtUty  under  field  conditions  should  be  taken  Into  account. 
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6.  TERRAIN  FOLLOWING  RADAR  (TFR) 

TIm  tomb)  followlox  nd&r  ftmcUoned  eatlttoctorltj  thmfboat  to*  toitlag  period.  Tbe 
APO-llO  he*  certain  UmlUtloce,  however,  which  eerloualy  affect  lU  value  for  low  altitude 
operatlooa  In  mountolooua  terrain.  The  syetem  la  net  roll  etablUzed,  and  coatalna  oaTy  ooa 
channel  capability  (the  crew  may  aelect  either  terrain  avoidance  or  terralu  following,  but 
not  both  aimubaneoua^).  So  that  a  crew  may  fly  a  conatant  altitude  In  mountalnoua  terrain 
at  night  with  any  degree  of  coufldence,  a  concurrent  dleplay  of  the  command  bar  and  a  view 
of  the  forward  terrain  In  the  area  le  highly  dealrahle. 
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SECTION  V 
CONCLUSIONS 


1.  The  opentt  .  Jil  mhitUon  of  Project  MUDDY  RILL  meeled  that  the  ■yatem  wu  la- 
capable  of  perfcmlog  night  reconnaljaanee  effectirelj.  The  major  rcaaona  were  exceaatve 
equtpmeut  malfunctlona  a>v)  marginal  perfonnanca  due  to  maintainability  demanda  beyond 
the  capablUtlea  of  the  aaaigned  technlelana.  Related  eauaea  were  a  lack  of  auftlctent  eparea 
and  an  tnade<]uate  checkout  before  deployment.  Furthermore,  the  operational  miaalona  re¬ 
vealed  llmltatlona  la  the  ayatem  equlpmenta  which,  even  with  near  optimum  performance, 
made  It  doubtful  that  the  objectlvea  could  have  been  aucceeaftilly  accompUab^. 

I.  The  FLIR  in  la  not  adtable  aa  a  target  detectlOQ  device  In  Laoa-type  topography.  Roada 
are  extremely  narrow,  heavily  masked  I7  treea,  and  lacklnf  la  adequate  thermal  eontraat. 

In  thta  environment,  the  FLIP,  detection  range  la  Insufficient  to  permit  the  aenaor  operator 
to  detect  a  target.  Identify  It,  and  react  aa  appropriate. 

3.  The  DLIR  ayatem  provldea  aatla&ctory  IR  Imagery,  but  foliage  oorer  and  camouflage 
aerloualy  affect  Ita  ua^tneaa.  In  moot  caaea,  visually  sighted  trucks  could  not  ha  detected 
on  the  DLIR  film  during  the  post-mlaalOQ  analyata.  M<^e  the  enemy  uaa  of  camoiflage  lllua- 
trated  la  Figure  7. 

4.  The  LLLTV  la  oseAil  for  cheek  point  variflcadon  5,000  feet  under  partially  moon¬ 
lit  conditions.  With  naar  hjU  mooc,  the  LLLTV  offers  no  advantage  over  ayebaH  capability. 
The  LLLTV  was  not  adequate  as  a  target  detection  devlea  because  of  tha  difficulty  la  differ¬ 
entiating  vehicles  from  tree  ahadowa. 

5.  The  precise  navigation  system  (Integrated  LORAN-  Inertial  -  Verdan)  never  achieved 
operational  status  and,  therefore,  was  not  evaluated,  btdlvldual  navigation  aubsyetemc 
operated  genartlly  wl^n  design  accuracy  limits. 

6.  The  Actlva  Kagnodo  Deteedon  System  (AMDS)  operated  satisfactorily  during  the  closing 
weeks  of  the  deployment.  The  system,  hf  Itself,  can  only  Indicate  the  presence  of  a  target, 
and  Idantlflcadon  must  be  obtained  hy  soma  other  means. 

7.  One  of  the  most  crldcal  problems  encountered  was  the  difficulty  la  trying  to  follow  a 
narrow,  winding  road  at  1, 000  feet  sldtuda.  Figure  8  la  a  day  photograph  of  a  section  of 
Route  110.  A  aucceeaftil  technique  that  waa  devekped  to  perform  this  task  was  the  nae  of 
a  artde  FOV  starlight  acope  by  tha  bow  obaervar,  wbo  relayed  steering  commanda  to  tha 
pilot. 

8.  The  project  management  etructore  provided  Udle  opportunity  for  the  Navy  to  parttclpete 
In  the  earfy  equipment  aalecdon,  aircraft  configuraUon,  and  overall  planning.  Had  this  been 
dons,  It  would  u^oubtedly  have  provided  an  addlUonal  moUvaUon  or  IncenUve  to  the  Navy 
personnel  concerned. 

9.  In  summary,  tha  Muddy  Hill  ayatem  was  not  eflecdve  aa  a  night  road  reconailasance 
system  In  Laoe.  This  la  a  ooodtttonal  conclusion,  based  on  a  relaUvsly  amaD  sample  else 
becausa  of  numeroua  equipment  technical  problems  and  leea  then  optimum  system  perfor- 
manca.  The  value  of  tbe  project  Ilea  In  the  application  of  the  leaaona  learned  and  In  the  alim- 
Inatloo  of  expoeed  deflcUnctea  In  follow-on  programs. 
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Figure  6.  Routs  110  ts  Southern  Laos  (Note  nerrow  winding  road  and 
denae  Collage 
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SECTION  VI 
RECOMMENDATIONS 


1.  FUR 

K.  Greater  detoctton  nage  la  required.  OperatioDa  at  1, 000  feet  and  180  tsioU  reeult 
la  low  graxlag  aaglea  aad  lasuiflclect  reaction  time  for  the  eenaor  operator. 

b.  An  expanded  dlepUjr  would  eohance  target  detection  and  IdesUflcatloo  capability. 
Thla  combined  a  range  lacreees,  ^xmld  permit  higher  operating  altltudea, 
wider  area  coverage,  more  time  for  target  aearch,  and  aufllclent  reactloc  time 
neceaaary  for  a  aelf*c«otalned  strike  ayetem. 

c.  A  "zoom"  type  dlaplay  feature  would  be  deelrable.  This  would  allow  the  operator 
to  select  a  sector  of  the  display  and  magnlty  It  for  target  stody. 

d.  Roll  etablUzatloit  of  the  scanner  platform  Is  considered  mandatory  la  fdtore  sys¬ 
tems.  Also,  the  scanner  should  1^  steerable  In  azimuth  to  allow  a  oontlDuoua  scan 
of  the  arlndLig  roads  which  the  aircraft  Is  unable  to  follow. 

e.  A  cockpit  display  monitor  Is  of  Utile  value  to  the  pilot  and  'ihould  not  ha  Installed. 

If  an  automatic  temblng  system  Is  ottUEad,  steering  commands  to  the  pilot  should 
be  displayed  by  some  means  other  than  ou  a  FUR  scope. 

f .  The  posslblUty  of  developing  some  sort  of  moving  target.  Indicator  for  use  with  a 
FUR  aystem  ahould  be  soqplored.  Enemy  vehicles  move  slowly  ind  are  ofteo 
covered  with  vegetation  for  camouflage  -  tlais  exhibiting  Uttle  titermal  eootraet 
with  Burroundlng  objects. 

2.  DUR 

a.  DUR  aystams  ahould  be  eoeflgured  to  permit  Inflight  monttorlng  of  algnal  levels 
and  adjuatment  of  gain  ocBtrols  to  eompeneate  for  varying  weather  and  terrain 
ccodltlona.  In  the  preaent  design,  the  qnaUty  of  the  flta  te  not  aaeeseable  until 
the  film  la  removed  and  processed. 

w.  Eleetroraagnetlo  lotenereDce  la  a  major  problem  and  should  tie  glvm  careful 
consideration  In  any  foture  design.  Even  air  traffic  control  grou^  radara  pro¬ 
duced  nnlea  signals  oirtho  1^0  film. 

c.  A  rsal-Ume  display  would  be  dselxabls. 

d.  CaUbratloa  and  adjustmsat  oootrols  and  squlpmaot  ahould  be  available  aad  designed 
for  nee  In  field  cperatiooe.  In  this  project,  out-oi-focus  optics,  poor  contrast,  lack 
of  definltloD,  aad  taipropar  smlattag  di^lttee  ware  common  cauaee  of  lafarlor  film 
qnaUty.  EacMatve  maaboura  were  expended  In  trying  to  correet  these  deflclenolee. 
Figure  9  shows  two  examples  of  night  IR  photograpby  ohtnlned  with  the  DUR. 

3.  LU.TV 

n.  if  target  detection  Is  dssired,  n  nsrrow  sagis  lens  or  n  "aoom"  ospsbtUty  Is 
necessary. 
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b.  fMtuTM  fhould  b«  tiicorpont«d  to  isjur*  tbot  biicht  reflactiODi  will  aot 

damafe  tha  tnbe. 

e.  Svatem  electronlca  ahould  be  Improved  to  allow  vlewlcg  In  11^  levsia  leas  than 
1/4  moon. 

d.  A  TV  display  should  not  be  Installed  in  the  pilot's  position.  Besides  losing  his 
night  vision  adaptation,  the  pilot  cannot  afford  to  concentrate  on  the  display  at 
the  expense  of  his  othsr  vital  functional  re<iulremente. 

4.  AUDS 

a.  Tbe  limited  evaluation  conducted  on  this  system  demonstrates  that  the  device 
exhibits  sufficient  potential  to  warrant  continued  development.  An  improved 
vsralon  of  this  system  Is  presently  undergoing  test  at  the  company's  teat  sits 
near  Austin.  Texas,  and  experience  galn^  from  Project  Muddy  Hill  should 
contribute  toward  t^  success  of  that  effort. 

b.  Looking  back,  it  appears  that  the  system  should  not  havs  been  Included  In  this 
project  because  It  was  ht^Iy  developmental  and  could  not  be  given  the  attention 
tt  required. 

b.  NAV  8YBTEH 

A  bl^ly  sophisticated  Mvlgatlon  system,  because  of  cost  and  complexity,  Is  not  re¬ 
quired  for  a  real-tims  recornalssance  system.  A  suitable  device  la  a  roller  map  with  ap¬ 
propriate  equipment  to  provide  heading,  drift,  and  ground  speed  1  ipute. 

6.  GENERAL 

a.  New  systems,  especially  one-o<-s-klnd,  should  aot  be  deployed  until  they  can 
demonstrate  reasonable  reliability.  This  la  a  leason  ksoem  but  seldom  beaded. 

Of  62  fUihta  fkwn  In  SEA  on  this  project,  22  ware  with  the  FLIR  Inoperative, 

34  with  the  LLLTV  Inoperative,  ami  23  with  one  or  tha  other  of  ths  D-5s  Inoper¬ 
ative.  b  addition,  most  flights  were  flown  with  these  equipments,  sitbougb 
operational,  only  marginal  in  performance.  Evsn  more  disturbing,  on  no  more 
t^  half  a  doten  flii^  were  all  three  of  these  sensor  systems  capable  of  oper¬ 
ating  simultaneously. 

b.  If  practlcabls,  Individual  sensors  should  be  separately  tested  before  being  bte- 
grated  bto  a  multlaensor  system.  This  would  Isolate  equipment  problems  from 
Installation  problems,  reduce  total  system  down  time  a^  allow  concurrent  testing 
which  would  effectively  speed  up  test  schedules. 

0.  Simulated  test  sites  should  be  comparable  to  the  real  environment.  Tbe  FUR  in 
achieved  moderate  success  b  detecting  targets  on  certsb  roads  believed  to  be 
representative  of  those  b  Laos.  But  the  actual  roads  being  used  by  the  enemy  b 
Laos  are  hardly  more  than  tralb,  are  heavily  masked  by  trees,  tod  present  a 
ohaUenge  to  the  sensor  operator  rarely  enoountered  on  test  missions.  This  factor 
supports  the  logic  of  con^ctbg  svahutlon  programs  b  the  actual  environment. 

d.  A  higher  operatbg  altitude  should  be  considered  for  this  type  of  mlselon.  The 
Muddy  Kill  operatbg  altitude  of  1,000  feet  did  not  appear  to  bmlab  tho  optimum 
aystem  cipebiUty.  Thie  altitude  was  probably  arbitrarily  chosen  b  deference  to 
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tenior  detection  Umltatlooe  without  repird  to  other  imporUat  fictore.  tn' 
oreulnf  the  openttnc  altitude  would  provide  a  higher  grazing  angle  for  added 
reaotloD  time,  a  larger  area  covsrage  for  target  aearch,  eailer  road  following, 
aafar  terrain  olearance  In  mountainoue  oountzy,  and  reduced  vubsrablUtjr  to 
ground  fire,  with  very  little  sacrifice  of  aenaor  parformaoce. 

e.  A  self-contained  strike  capability  ehould  be  provided  with  this  type  of  reconnals- 
sancs  system.  Target  marking  (uclees  covert)  and  command  vectoring  of  strike 
aircraft  are  Ineffective  tactics  sgaLnst  mobile  targets.  This  method  Is  presently 
used  In  night  operations  with  flare  ships  and  FAC's  and  the  ratio  of  destroyed  to 
detected  trucks  Is  pitifully  low. 
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APPENDIX  I 

SYSTEM  DESCRIPTIONS 

A  eketch  of  the  Aircraft  ebowlng  the  location  of  the  major  equlproenta  la  cootained  In 
Figure  10. 

1.  FUR 

a.  The  Forward  Looking  mfrarvd  System  wae  manufactured  by  Teaae  Inetrumenta. 

Inc. ,  and  le  company -deelgnated  as  FUR  in.  It  le  a  multichannel  Infrared  ecan- 
nlng  device  with  real-time  dleplaye  Intended  fnr  uae  In  night  tactical  reconnala- 
eance  aa  a  target  detector  and  fnr  checkpoint  verification  aa  an  aid  to  navigation. 
The  eyatem  la  capable  of  detecting  IR  raidiatlon  In  the  eprctral  region  of  2  to  14 
microns,  it  Inctudee  elx  Mercury  doped  Germanium  (Ge:Hg)  detectors  which  have 
optimum  eenaltlvlty  In  tbe  8  to  14  micron  region,  and  three  Indium  Antlmonlde 
(InSb)  detectors  with  optimum  eenaltlvlty  In  the  3  tn  S  micron  region.  The  Ge:Hg 
detectors  provide  general  coverage  of  all  objects  displaying  a  temperature  dif¬ 
ferential,  while  the  InSb  detectors  are  useful  primarily  1°  detection  of  Intense 
sourcen  nf  IR  radiation  {hot  epote).  The  design  spatial  resolution  la  two  mllUradlana 
and  the  thermal  reenhitlon  la  1  1/2’C  for  tbe  InSb  and  0. 1’C  fnr  the  Gedlg. 

h.  The  eyatem  coneleta  of  a  scanner  unit,  a  heat  exchanger,  two  power  suppUee,  an 
electronics  unit,  an  Inverter,  two  control  units,  and  three  Identical  display 
mnnltors.  Total  system  weight  la  3SS  Ib,  System  operation  requlrea  an  electrical 
Input  of  28  volts  DC  and  115  volta,  3-phaae,  400  Kc  AC. 

c.  Tbe  scanner  unit  contains  mechanical  scanning  and  optical  aasemhllse  which 
produce  a  20  by  40-degree  field  of  view.  The  scanner  can  be  manually  controlled 
from  0  to  -90°  elevailnn.  Azimuth  scan  la  achieved  hy  rotation  cf  a  rectangular 
four-sided  mirror  and  elevatlnn  scan  le  obtained  hy  rotating  an  array  of  four 
circular  mirrors.  Rotation  speeds  ara  15,000  RPM  for  the  azimuth  mirror  and 
211  RPM  for  the  elevation  mirror  aaaenihjy.  Nine  low-level,  low-nolae,  welded 
module  preamplifiers  are  Installed  In  tbe  scanner  to  amplify  the  detector  video 
outputs. 

d.  Tbe  heat  exchanger  and  ciyogenerator  provide  an  operating  cnvlrooment  for  the 
detectors  of  less  than  27*  Kelvin  acUeved  after  approximately  16  minutes  of 
operation.  The  ciyogenerator  Is  manufactured  hy  Norelcn,  operates  on  the 
Sterling-cycle  principle  using  helium  as  a  refrigerant.  The  heat  exchanger 
circulates  a  coolant  nil  to  accompPsh  Its  heat  transfer  functions.  This  type  of 
ciyogealc  system  Is  used  In  several  other  military  IR  aystems,  such  as  the 
AN/AAS-IS,  AN/AAS-IO,  and  the  AN/AAS-21.  Tbe  detector  array  and  exyo- 
generator  cold-finger  assembly  are  contained  In  an  evacuated  chamber  which 
serves  to  Insulate  their  elements  from  the  amhlent  air.  The  vacuum  Is  main¬ 
tained  by  a  small  Vaelon  pump  electrically  operated  from  a  3i>0(>-vnlt  DC  power 
supply.  The  power  supply  input  voltage  Is  obtsined  from  a  12-volt  DC  nickel- 
cadmium  battexy  which  Is  recharged  automatically  from  the  aircraft  28-vnIt  DC 
bua. 

e.  Two  power  euppUea  provide  the  low  voltagea  neceeaaiy  for  tbe  ayetem  electronlca 
circuitry.  They  provide  re<]ulred  DC  power  and  servo  power  to  control  and  drive 
tbe  acanner  to  tbe  aeIoc;ted  depreesloo  angle.  The  electronlca  unit  contains  the 
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horlionUl  Bud  TcrtlcBl  BWBtp  {enentlBg  clroaltiy  and  the  Tid«o  proceBBlD( 
olrcuitry.  A  modified  400  He  Inverter  la  ueed  to  convert  •  2e-volt  DC  Into 
«  3-p^e,  SOO  Hz  AC  voltage  to  drive  tike  azimath  bcbb  mirror  ueembljr. 

t .  Control  unite  are  located  at  the  main  aenaor  operator'a  atatton  and  the  bow 
obaerver’a  atatton.  Either  poettloo  can  eelect  the  type  of  detector  video 
algnal  to  be  dieplayed  on  the  monitor,  the  amount  or  percentage  of  thla  algnal, 
the  threahold  level  of  the  hot  epot  circuitry,  and  the  acanner  depreaaioe  angle. 

g.  Dlaplay  monltora  are  inatalled  at  the  bow  obaerver,  pilot,  and  main  aenaor 
operator  atatlona.  The  mooitorm  contain  Matrlcon  dlaplay  tubea,  arith  PI 
(ireen)  pboapbor  coating  and  a  viewable  acreen  meaaurlng  3. 5  tnohaa  In 
hei^  and  alx  Inehee  In  width. 

2.  DUR 

a.  The  Downward  Looking  Infrared  SurveiDance  Syetem  le  a  muKichannel  infrared 
recording  device  dealgnated  SD-S  by  the  manu^oturer,  Texaa  Inatnunenta,  Inc. 
Infrared  radiation  le  detected  In  the  2>  to  14-mtoron  apectral  region  with  multi- 
ohannel  operation  achieved  by  uaing  ten  matched  Mercury  doped  Oermanlum 
(Oe:Hg)  detactora.  An  array  of  five  detectora  provide  coverage  in  the  2-  to 
14-mlcron  region  while  another  five-detector  array  ia  apeetrally  filtered  to 
cover  tha  3-  to  S-mlcron  region  for  hot  apot  detection.  The  ayatem  oan  record 
video  aignala  obtained  only  ftoBi  one  detector  array  at  a  tlma. 

b.  The  qratem  la  compcaed  of  two  Identical  aubayatema  that  oan  cerate  Indepen¬ 
dently.  Each  aubayatem  conalata  of  a  acannar/recorder  aaaerably,  a  power 
aupply,  a  remote  electronlca  box,  a  control  unit,  and  a  heat  exchanger.  Total 
areigM  of  the  ayatem  ia  54S  Ib.  The  apatial  reaolution  la  1/2  mllllradlan  and 
the  thermal  reaohition  ia  O.S*C. 

0.  The  acannar/recorder  unlta  are  mounted  on  floor  od  the  aft  Aiaelage,  the 
forarard  acanner  tilted  12  dagreea  part  vertical,  looking  back,  and  tha  aft 
acanner  tilted  12  degreea  to  view  forward.  Thla  providea  a  24-degree  overlap 
of  the  mapped  terrain  and  producee  atareo  IR  Imagaiy  for  poet  mlaalon  analyala. 
The  acannen  are  roll  etabtUzed  to  tlO  degreae. 

d.  The  thermal  Image  of  the  ecanncd  terrain  la  ecntlnuoualy  recorded  on  a  roll  of 
TRl-X  S-lnch  reconnaiaaance  film.  Automatlo  and  manual  V/H  (velocity  to 
height  ratio)  are  provided  with  a  range  of  0. 01  to  0. 5.  At  th^  maximum  V/H  of 
0.5,  a  roll  of  350  feet  of  film  providea  two  houra  of  recording  time  on  each 
acanner  unit.  Electrical  Inputa  of  28  votta  DC  and  115,  3-phaae,  400  Hx  AC 
art  rot]ulred  for  ayatem  operation. 

a.  A  rectangular,  four-aided  mirror  la  rotated  about  an  axla  paralk'.  to  the  fU^t 
path  and  producaa  a  conventloral  line  acawdng  pattam,  th5  degraae  latarally 
below  the  aircraft.  Tha  mirror  rotataa  at  a  conatant  3,000  RFM.  Tha  aignala 
cUalnad  from  tha  datactor  array  art  modulated,  procaaaed,  and  traaamlttad 
to  tha  film  to  provide  a  panommlc  printout  four  Itiphea  wida. 

f .  A  saparata  cryogenic  refrigeration  ayatan  la  provided  for  each  acanaar.  A 
Noralco  ckaed-cycla  czyogenerator,  i^ratlDg  on  the  Sterling-cycle  principle, 
la  uaed  In  conjunction  with  a  heat  exchanger.  HoUum  la  uaed  aa  tha  refrigerant 
In  the  ciyoganerator  and  a  coolant  oil  accompliahea  tha  heat  trinafer  In  tha 
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hflftt  Mchunr.  A  ilmllAr  otyogeolo  •yitem  Is  used  In  the  PLIR  IIL  Cool-down  to 
less  then  27^  Kelvin  Is  schlevcd  In  ^>pro}:lmstel7  25  minutes.  The  detectors  end 
oold-flnger  sssembly  sre  contained  In  an  evacuated  chamber  that  Is  maintained  by 
a  small  Vaclon  pump  powered  from  a  12-volt  DC  nlckel-cadmlum  battery. 

g.  The  control  unlta  for  the  ejstem  are  located  at  the  main  sensor  operator's  station. 
Fault  Indications  and  a  V/H  limit  lamp  arc  provided. 

3.  LLLTV 

a.  Tbe  Low  Light  Level  Television  SyB*>:j  Is  a  wide  angle  television  system  manu¬ 
factured  by  the  Dalmo-Vlctor  Co.  R  consists  of  a  camera  mounted  on  a  two  axis 
steerable  platform,  a  camera  electronics  box,  a  servo  electronics  box,  display 
monitors,  and  Interconnecting  cables.  Electrical  Inputs  of  28  volts  DC  and  115 
volta,  3-phase,  400  hz  AC  are  reijulred  for  system  operation.  System  weight  Is 
approximately  125  Ib. 

b.  Tbe  camera  conalste  of  an  Image  Intenslfler  -  SEC  Vldlcon  camera  bead.  The 
Image  Intenslfler  contains  a  Mscblett  extended  S-20  type  phofo  cathode  surface. 

Tbe  photo  cathode  diameter  of  the  Intenslfler  Is  25  nilllimetera  with  an  f/1.0  lens 
providing  a  30-  b>-  40-degree  field  of  view.  The  camera  Is  contained  In  a  cheek  pod 
mounted  on  the  left  side  of  the  aircraft  forward  of  and  below  thcpUoC  s  position.  Tbe 
oamera  bead  and  lens  are  mounted  on  a  platform  which  Is  ataerable  in  azimuth  and 
slevatlon.  Limits  of  azlmutb  travel  for  the  platform  are  -15  degrees  to  either  stde  of 
centerline  and  limits  of  elevation  are  from  10  degrees  above  to  80  degrees  below  the 
aircraft  armament  datum  line.  Basically,  tho  concept  of  operation  Is  that  light  energy 
from  a  viewed  scene  Is  transmitted  and  am|dlfled  by  the  Image  intenslfler,  and  Is 
further  amplified  and  then  coupled  to  the  display  monitor  by  the  SEC- Vldlcon  tube. 

c.  Originally,  there  were  two  8-lnch  display  monitors  used  to  portray  the  scene 
being  viewed  by  the  camera.  One  monitor  was  at  the  sensor  operator's  station 
and  ons  In  the  cockpit.  Howeve.',  due  to  conatant  failures  of  high  voltage  power 
supplies  and  printed  circuit  electronics  boards.  It  was  decided  to  replacs  the 
display  monitors  with  commercially  available  Sony  talevlslon  seta.  Oce  h-lnch 
Sony  replaced  the  monitor  at  the  sensor  operator's  station,  and  another  was 
Installed  in  the  Plexiglas  bow  station.  A  5-lncb  Sony  replac.)d  the  display  mon¬ 
itor  In  the  cockpit.  J  be  original  monitors  contained  a  cross  reticle  displayed 
on  the  screen  to  uiolcate  the  location  of  the  camera  azimuth  and  elevaUon  axis 
with  respect  to  the  aircraft  longitudinal  axis.  Howevsr,  after  the  Senys  replaced 
the  display  monitors,  thla  feature  was  eliminated.  It  was  not  felt  that  thta  loas 
wonld  detract  from  system  effectiveness. 

d.  The  sensor  operator’s  control  console  contains  Indicators  and  controls  necessary 
for  controlling  the  camera  platform.  The  platform  can  be  stesrod  by  a  "Joystick" 
type  hand  control  at  the  operator's  position.  Meter  readouts  ftimlsh  an  Indication 
of  camera  position  with  respect  to  the  aircraft's  horizontal  and  vertical  axis.  A 
hand  control  Is  also  located  at  ths  pilot's  position  which  Includes  an  override  feature. 
A  Ibrther  control  on  the  operstor'e  console  le  an  Irla  eelector  switch  for  control¬ 
ling  ths  camera  lens  Irle  either  msnualljr  or  automatically. 

a.  The  contractor  rpeclflcsUona  stipulated  that  the  LLLTV  should  provide  a  target 

actpiialtlcn  device  as  well  as  s  navtptlon  atd  at  light  levels  !  foot  candles. 

This  light  level  can  he  compared  to  a  rtsrllt  night  with  clear  skies  and  no  moon. 

Under  tbe  Muddy  Kill  concept  of  operations,  the  LLLTV  was  Intended  primarily 
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M  a  narlgatloa  dcvlea.  Ideally,  the  ayatem  «aa  dealgned  to  out-perfona  the  humaa 
eye  by  at  leaet  one  order  of  magnitude.  The  mamtfacturer'a  apeclflcatlona  were 
demoDatrated  hy  meana  of  an  OptoUnor  check  on  21  December  1866.  The  OptoUner 
waa  connected  directly  to  the  Input  atage  of  the  image  intenaifler  wUch  effectlvoly 
allminated  the  lens  the  filter  from  the  teat.  Under  the  condition,  the  ayatem 
met  the  contractor'a  reaohitlon  apeclflcatlona.  However,  it  wae  realized  ihat  the 
lena  and  filter  would  aomewhat  degrade  the  resolution  of  the  viewed  preaentatlon 
at  the  monitor. 

4.  AMDS 

a.  The  AMDS  le  an  airborne  electronic  device  capable  of  detecting  targeta  that  are 
either  electrically  conductive  or  magnetically  permeable.  The  ayatem  la  termed 
active  hecauee  It  generatea  a  atrong  magnetic  field  which  la  directed  in  a  forward 
plane  about  4S  degreea  below  the  aircraft  flight  path.  When  thla  field  implngea  on 
a  target,  a  amall  magnetic  field  la  Induced  which  la  coherently  detected  and  elec¬ 
tronically  proceaaed  to  provide  a  visual  and  an  aural  indication  of  the  target.  The 
system  conalats  of  ten  component  units  weighing  a  total  of  516  Ib;  It  is  manufac¬ 
tured  by  the  EIsctro-Mechanlcs  Co.  (EMCO)  of  Austin,  Texas. 

h.  The  major  unit  of  the  system  la  the  coll/sensor  assembly,  which  Is  mounted  in 
the  specially  reinforced  nonmetalllc  tall  cone.  Figure  11  la  a  sketch  of  the  physi¬ 
cal  laymit  (rf  this  unit.  A  200-tum  field  generating  coll  and  a  ferrite  sensor  are 
mounted  on  either  end  of  a  12-foot,  30-lnch  diameter  fiber  glass  cylinder.  Tbs 
coll  Is  mounted  on  the  forward  end,  and  It  and  the  sensor  are  rotatable  to  achieve 
a  mechanical  alignment.  A  hl^  current  la  produced  in  the  coll  and  generatea  a 
magnetic  field  along  the  coll  axis.  The  coll  and  sensor  are  canted  so  that  the 
direction  of  the  maximum  generated  field  Intensity  and  the  dliecHoo  of  maxi¬ 
mum  sensor  sensitivity  are  coincident  to  the  forward  45  degree  plane. 

o.  A  receiver  unit  contains  electronic  circuitry  to  process  the  signal  received 
from  the  ferrite  sensor.  The  receiver  output,  which  Is  an  analog  signal  repre¬ 
sentative  of  the  target.  Is  sent  to  the  detector  for  further  processing.  Hero  the 
phase  and  amplitude  of  the  signal  are  determined,  and  the  final  ou^t  Is  fed  to 
the  target  Indicators. 

d.  Any  target  detected  hy  the  system  Is  Indicated  in  the  following  three  ways: 

(1)  A  remote  meter  unit  provides  meter  deflections  corresponding  to  the  target 
signal.  The  null  fodlcatlon  Is  at  the  center  of  the  meter  face,  and  amplitude  and 
polarity  of  the  signal  are  indicated  hy  the  meter  needle  fluctuations. 

(2)  An  audio  signal  Ic  generated  through  a  voltage  controlled  oscillator  which 
produces  an  audio  tone  of  varying  frequency  rrpresentatlve  cf  the  detected  target. 

A  standard  headset  may  be  used  to  m^tor  t*te  tone  signal. 

(9)  A  strip  chart  recorder,  which  furnishes  up  to  eight  hours  of  recording  time, 
graphically  displays  the  received  signal.  Amplitude  polarity  are  recorded  and 
provide  d^  for  post-mission  snatysls. 

5.  NAV  SYSTEMS 

The  Muddy  Hill  aircraft  had  three  navigation  systems  Installed* 

(1)  LORAN  C  -  inerttsl  Integrated  Navigation  System,  which  was  designed 
to  be  the  primary  system. 
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(2)  Dopplar  NtTlgatloo  Sy*t«m  -  a  backup  ay  item. 

(3)  AN/ASN-87  Roller  Map  Dead  Reckoning  Display  Set  -  another  backup  system 
wUch  was  added  Just  prior  to  deployment. 

a.  LORAN  C  -  Inertial  Integrated 

The  LORAN  C  -  Inertial  Integrated  Navigation  ayatem  contained  the  folloalng 
components: 

AN/ARN-73  LORAN  C  (Modified)  Receiver  Set 
LN-15  Digital  bertlal  Navlgatloo  System 
Veraatlle  Digital  Analyser  (Verdan)  Computer 
AN/APN-153(V)  Doppler  Radar  Set 
G-2A(F-1  Aircraft  Compass  System 

The  AN/ARN-78  LORAN  C  (Modified)  Recelvsr  Set  Is  a  ^Uy  automatic,  dlgtul 
microcircuit  signal  detection  and  track  device.  It  receives,  measures,  and 
Indicates  the  time  dlllerencea  from  LORAN  C  atatluas.  Al^ougn  the  set  was 
originally  built  as  an  AN/ARN-78  LORAN  C  Receiver  Set.  the  recetver/^wwer 
supply  porUoo  was  modified  In  order  to  provide  an  output  of  digital  Inteiiace 
slguls  to  the  Vardan  computer.  In  effect,  this  modification  made  the  set  quite 
similar  to  to  AN/ARN-85.  When  operated  by  Itself  not  In  conjunction  with  the 
Verdan.  the  AN/ARN-78  Las  the  capability  ot  producing  a  continuous  readout 
In  LORAN  time  difference  on  Its  indicator.  Tims  differences  can  be  received 
from  two  LORAN  C  chains  simultaneously,  and  these  can  be  plotted  on  a 
LORAN  chart  to  provide  a  geographical  position.  The  design  accuracy  of  the 
LORAN  C  system  la  about  1/10  of  a  nautleai  mile. 

The  LN-15  Digital  Inertial  Navigation  System  Is  a  fully  automatic,  self-contained, 
all  latitude  and  longthide  navigation  system,  biltial  position  coordinates  and  the 
desired  heeding  are  manually  Inserted  into  the  system  before  take-off.  The  gyro 
stabilised  platform  la  aligned  paraUel  to  the  earth  and  to  a  known  axlmuth  re^*r- 
enee.  and  then,  by  meana  of  accelerometera.  the  LN-15  measxirea  accelerati 
along  the  axis  of  alignment.  These  accelerations  are  eonvarted  to  X.  V.  and  ’ 
veloeltlea  by  the  LN-15  computer  and  farther  proceaaed  to  produce  latitude' '  - 
longitude  coordlnatec.  true  heading,  attitude  and  pitch  and  roll  attitude.  1  uc 
dealgn  accuracy  of  this  Inertial  ayatem  Is  1/2  nautical  mile  per  hair  CEP. 

The  Varaatlle  Digital  Analyser  (Vsrdan)  Computer  cootalne  universal,  general 
purpoea.  digital  dlfferenca  analyser,  shaft  voltage,  and  memory  sections.  It 
makes  calculations  for  four  modes  of  operation:  LORAN-INERTIAL.  LORAN. 
INERTIAL,  and  DEAD  RECKONING. 

(1)  b  the  LORAN-INERTIAL  mcda  ct  operation,  ths  Vardan  Computer  takes 
Information  from  both  systems,  computea  a  position,  and  dltplaya  It  on  the 
System  Control  Board  b  Latitude/Lo^tudo  coordinates.  R  eecepte  Initial 
position,  X.  Y,  and  2  velocities,  and  beading  refsrenea  from  ths  LN-15  and 
accepts  continuous  poslUon  updating  and  dampening  Information  for  the  LN-15 
from  the  AN/ARN-78.  Simultaneously.  Insrtlal  velocity  and  rate  aiding  signals 
are  fed  to  the  LORAN  to  provide  more  accurate  traddog  of  the  receiving  atgnals. 
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TbeoretfckUy,  the  degree  ot  eocureoy  expected  from  thie  lyetem  la  a 
350-foot  CEP  at  aqy  time  over  any  duration  of  fU^t. 


(2)  b  the  LORAN  mode,  the  Verdan  uses  only  LORAN  time  differences  to 
compute  a  position.  The  Doppler  Radar  provides  a  velocity  reference  to  the 
Ver^  is  thIe  mode. 

(3)  b  the  INERTIAL  mode,  the  L>>15  provides  X,  Y,  and  Z  velocities  and 
heading  Inputs  to  the  Verdan  computer  whlph  computes  a  position. 

(4)  b  be  DEAD  RECKONING  mode,  the  AN/APN-153(V)  Doppler  Set  provides 
ground  speed  and  drift,  while  the  C-2/MF-1  compass  system  or  the  LN-15  pro¬ 
vides  headbg  to  be  Verdan,  which  computea  a  position, 

b  each  esse,  the  present  position  is  displayed  on  be  Navigator  Control  Panel 
as  Latttude/Longltude  coordinates.  When  b  tho  LORAN-INERTIAL  mode,  a 
malfunction  of  eiber  the  LORAN  or  Inertial  systems  causes  be  Verdan  com¬ 
puter  b  automatically  switch  to  be  next  lower  available  mode  of  operation. 

If  bob  LORAN  and  Inertial  systems  malfunction,  the  Verdan  switches  to  be 
DEAD  RECKONING  mode  of  operation. 

The  System  Control  Panel,  located  at  the  Navigator's  Station,  Is  used  to  pro¬ 
vide  control  of  be  Verdan  computer  operations  regardbg  navigation  compirta- 
tlons.  Tho  panel  conbina  Indicators  to  Inform  be  operator  of  the  status  ^  be 
navigation  equipment,  I.e. ,  Go /No  Go  Indications  for  be  Verdai ,  Doppler, 

LN-15  and  alarm  Indications  when  be  LORAN  Information  Is  unrellahle.  This 
panel  also  contains  controls  for  position  display  on  be  Navigation  Control  Panel. 
The  Navigation  Control  Panel  conbina  a  p  vsent  position  readout  as  well  as 
Position  Entry  and  Destination  Select  switches,  i^ch  allow  for  bsertlon  of 
preaent  position  and  display  of  range  and  course  to  pre-selectod  destination. 

b.  Doppler  Navigation  System 

The  Doppler  Navigation  Sysbm  operabs  Independently  of  be  primary  naviga¬ 
tion  sysbm  and  conslats  of  two  oomponenb:  The  Doppler  Ra^r  Set  AN/APN- 
153(V)  and  be  Navigation  Track  Compubr  Set,  AN/ASN-25,  bob  manufactured 
by  the  GPL  DIvUlon  of  General  Precision,  be.  The  system  performance  criteria 
specifies  that  be  maximum  inflight  error  must  be  less  than  2%  of  dlabnce  traveled. 
In  addition  to  fbncUonlng  as  a  navigation  sysbm,  be  Doppler  Navigation  System 
provides  bpub  to  be  Terrab  Foliowbg  Radar  (TFR)  and  the  Verdan  computer. 

The  Doppler  Radar  Set  measures  ground  speed  and  drift  angle  conUnuoualy  and 
displays  them  on  lb  control  Indicator.  The  ground  tpeed  and  drift  angle,  sup¬ 
plemented  by  headbg  Information  from  be  MF-1  compasa  or  the  LN-15  bertbl 
Navigation  System,  provide  electrical  bpub  to  be  Navigation  Track  Compubr. 

The  Navigation  Track  Compubr  Set  or  Dead  Reckoning  Compubr,  AN/ASN-25, 
ocBsbb  ^  a  compubr  amplifier,  a  compubr  control,  and  a  short-range  Indica¬ 
tor.  The  set  la  a  complebly  translstorlxed,  dual-chaimel  track  navigation  com¬ 
pubr.  Desired  track  and  distance  for  individual  aegmenU  of  fll^t  are  set  bto 
be  compubr  manually.  Wlb  ground  tpeed  and  track-made-good  signab  from 
be  Doppler  Radar  Set,  be  compubr  will  centbuouaty  dleplay  aircraft  position 
b  relation  to  be  desired  track,  I.e.  nautical  miles  to  go  and  nautical  lalles 
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rl^  or  left  of  desired  treck.  Witen  ooe  sefment  of  fllifit  Is  complete,  the  com¬ 
puter  sutomstlctlly  begins  Its  display  of  the  next  segment.  A  short-nnge  Indica¬ 
tor  which  allows  greater  precision  (.05  run)  In  setting  and  reading  the  nautical 
tnllss  to  go  Is  aleo  Included  on  the  display  panel. 

c.  AN/ASN-67 

The  AN/ASN-67,  Roller  Dead  Reckoning  Display  portraye  aircraft  geogr^h- 
Ical  position  on  a  strip  of  standard  aeronautical  chart.  The  set  le  ftimlehed  ground 
speed  and  drift  angle  from  the  Doppler  and  heading  Information  from  either  the 
G-2/hlF-l  Compass  or  the  LN-IS  Inertial  Syetem.  The  track  of  the  aircraft  Is 
shown  by  continuous  vertical  movement  of  the  chart  strip.  The  system  has  a 
cursor  with  a  diamond  point  which  Indicates  the  present  position  of  the  aircraft 
as  well  as  Its  displacement  rl^t  or  left  of  desired  track.  Chart  strips  can  be 
spliced  together  up  to  a  maximum  length  of  ten  feet  when  using  charts  with  0. 003 
thlcfcneea.  The  chart  strips  are  Installed  on  a  cartridge  which  can  be  removed  In 
flight  for  replacement  ^^Ith  different  cartridges.  The  syetem  le  capable  of  using 
four  specific  elzes  of  map  scalee. 


6.  TFR 

a.  The  Terrain  Following  Radar  (TFR)  le  a  special  purpose  airborne  radar  man¬ 
ufactured  fay  Texae  Inetruments,  Inc.  It  Is  basically  an  APQ-110  (utilized  In  the 
F-111)  but  modified  for  single  channel  operation  and  adapted  apeclflctlly  for  use 
In  the  Muddy  Hill  aircraft.  The  antonna  Is  mounted  In  a  cheek  pod  oo  the  right 
aide  of  the  forward  fuselage.  Two  Identical  Indicators  are  Included,  ooe  In  the 
cockpit  and  one  at  the  navigator's  etatlon.  Primary  controls  are  located  In  the 
cocliplt  although  the  navigator  can  exerclee  select^  control,  especially  In  the 
ground  mapping  mode. 

h.  The  radar  set  Is  pulee-modulated  at  a  eelectahle  pre-set  fte<)uency  in  the  Ku- 
band  over  a  frequency  range  of  SOO  MHz.  PRF  Is  4025  pulses  per  second  with 
a  peak  power  output  of  30  kilowatts. 

0.  There  are  three  modes  of  operation,  as  follows: 

(1)  Terrain  Following.  In  thle  mode,  the  pilot  le  provided  with  optimum 
elevation  commnnde  to  fly  the  aircraft  st  eelectable  clearance  attitudee  from 
200  to  1,000  feet.  Tbeee  commande  are  preeented  In  the  form  of  a  "command 
bar"  on  the  pilot's  ARU-I  lA  All  Attitude  Indicator.  The  TFR  Indicator  dlsplaye 

an  scope  with  a  ton-mile  range.  This  display  shows  the  template  line,  and 
spy  target  which  protzudee  throu^  thle  line  will  generate  a  climb  command.  If 
a  terrain  feature  appears  in  the  flight  path  which  cannot  be  cleared  using  normal 
rated  power,  an  audible  warning  la  given  to  the  pilot.  A  fall  warning  tight  le  also 
Installed  on  the  pilot's  Instrument  panel. 

(2)  Terrain  Avoidance.  Ranges  of  5,  10,  or  15  nautical  miles  are  selectable 
In  this  mode.  The  scope  displays  a  t  30-degree  depressed  center  PPl  presenta¬ 
tion  of  the  terrain  in  or  above  toe  horizontal  plane  containing  the  aircraft.  The 
presentation  la  drift  stabilized,  enabling  the  pilot  to  make  l^ral  nuneuvera  to 
keep  bis  course  free  of  terrain  featuree. 

(3)  Ground  Map.  The  navlgator'e  cursor  control  contains  all  the  controls 
neceaaary  to  locate  a  target  while  operating  in  thle  mode.  A  tilt  control  alms 
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tba  ^  SO-degree  PPI-type  ivdar  pencil  beam  at  targeU  of  Interest.  Ranges 
of  S,  10,  and  IS  nautical  miles  are  sslectabls. 


7.  A3S 


a.  The  Automatic  Bombing  System  (ABS)  wis  designed  to  provide  a  low  altitude 
automatic  capability  for  the  delivery  of  marking  devices  and  storaa.  The 
syatem  la  composed  of  the  FLIR  m,  a  portion  of  ths  Verdan  Computer,  and 
the  necessary  controls  and  interface  equipment. 

h.  Ths  FUR  display  contains  a  stationary  horizontal  elevation  cursor  which  the 
eensor  operator  can  position  over  ^he  target  hy  varying  ths  scanner  depression 
angle.  Then,  by  engaging  an  attack  switch  on  the  ABS  control  unit,  the  operator 
can  place  a  movable  vertical  azimuth  cursor  over  ths  target.  With  the  attack 
awltch  activated,  the  Verdan  accepta  Inputs  of  ground  speed,  radar  altitude, 
FUR  depression  angle,  drift  angle,  heading,  and  aircraft  altitude,  and  per¬ 
forms  the  bombing  computation.  The  Verdan  provides  outputs  that  control  ths 
FUR  scanner  elevation  angle  and  displaces  ths  azimuth  cursor  and  Index  marks 
on  the  FUR  display  monitor.  These  index  marks  ars  displayed  to  the  pilot  as 
fly-to  Indicators.  When  the  aircraft  Is  turned  so  that  the  index  marks  coincide 
with  the  azimuth  cursor,  the  aircraft  is  on  course  for  stores  delivery. 

c.  The  Verdan  also  computes  a  time-to-go  signal  that  dlsplacss  a  horizontal  re¬ 
lease  cursor.  This  cursor  originates  at  the  bottom  of  the  monitor  and  moves 
upward  until  It  reaches  the  stationary  elsvation  cursor,  at  which  Urns  the 
armament  release  pulse  Is  automatically  Initiated.  The  operator  can  break 
off  the  attack  mods  at  any  time  hy  disengaging  the  attack  switch.  A  manual 
release  pushbutton  switch  Is  also  provided.  Ths  system  was  not  used  over¬ 
seas  because  the  FUR  detection  range  wae  Insufficient  to  allow  the  ABS 
sequence  to  he  executed. 

8.  DECS 

a.  The  Defensive  Electronic  Countermeasures  System  (DECS)  Installed  In  the 
Project  Muddy  Hill  aircraft  provides  radar  threat  waning,  radar  band  Identi¬ 
fication,  and  relative  bearing  of  radars  in  the  S  -,  C-  and  X-  bands.  Defensive 
ECM  (jamming)  are  available  In  S-band  only. 

h.  The  components  of  the  system  are:  two  TRIM  7  main  units  and  controls,  a 
Vector/Sector  control,  an  analyzer,  ei^t  TRIM  7  antennas,  four  S/C-band 
antennas,  four  X-band  antennas,  eight  preamplifiers,  and  on  audio  awltch 
panel.  Total  wslght  of  the  system  components  Is  liiS  Ib. 

c.  The  TRIM  7  main  units  protect  the  aircraft  against  threat  radars  operating  In 
the  8-band  track  mode.  Using  the  tectmlque  of  Inverse-modulation  deception, 
the  TRIM  7  automatically  repeats  pulsed  signals  received  from  radar  threats. 
Five  deception  modes  are  av’ailable; 

(1)  Inverae  Modulation  Mode  (IM).  Deception  la  achieved  by  amplifying  and 
repeating  pulses  that  occur  In  the  troughs  of  the  signal  from  the  conical  scan 
radar.  The  conical  scan  frequency  must  be  detected  In  order  to  achieve  ef¬ 
fective  deception. 

(2)  Swept  Aufomatlc  Mode  (SAM).  A  signal  from  a  local  amplitude  modulation 
generator  Is  used  to  time  the  occurrence  of  the  repeated  pulssa.  The  frequency 
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of  this  aelflctsble  tlgnml  Bimulstos  the  spin  frequency  of  the  tracking  eonlosl 
scan  n<)sr.  The  simulated  scan  modulation  la  automatically  swept  from  about 
4  Ht  below  up  to  the  selected  frequency  at  a  S-aecood  sweep  rate. 

(3)  Variable  Amplitude  Modulation  (VAM). .  This  le  Identical  to  the  SAM  mode 
except  that  the  frequency  of  the  almulated  scan  modulation  Is  set  and  now  swept 
from  4  Hz  below  the  selected  frequency. 

(4)  Inverse  Modulatlon/Swept  Automatic  Mode  (IM/SAM). 

(5)  Inverse  ModulattonA^arlable  Amplitude  Modulation  (IM.VAM).  The  IM/ 

SAM  and  IMA^AM  are  combination  m^ss  In  which  the  timing  of  deceptive  pulsee 
is  assumed  by  the  IM  function  whenever  the  scan  modulation  of  Incoming  signals 
can  be  detected.  When  the  scan  modulation  of  the  threat  radar  Is  not  detectable, 
the  pre-selected  SAM  or  VAM  frequency  determines  the  timing  of  the  RF  out¬ 
put  ati:nals. 

d.  Tbe  Vector/Sector  Control  performs  the  combined  function  of  a  direction 
flndlng/wamlng  receiver  and  sector  control  for  the  antennas  of  the  TRIM  7 
main  units.  This  unit  provides  visual  and  aural  alert  signals  when  threat 
radars  Illuminate  the  aircraft  and  Instantaneously  Indicates  the  relative  bear¬ 
ing  of  radars.  Relative  bearing  and  mdar  band  of  the  threat  radar  are  Indicated 
on  a  catbods  ray  tube.  If  several  threat  radare  Illuminate  the  aircraft  simulta¬ 
neously,  the  bearing  of  each  le  displayed.  Tbe  length  of  the  strobe  provides  an 
tndlcatton  of  the  range  to  the  radar,  with  the  strobe  length  increasing  as  radar 
range  decreases.  The  system  was  operated  during  all  operational  mlealons  but 
no  radar  threats  were  detected. 

9.  AN/AM^17 

The  Aerograph  Set,  AN/AMQ-IT  is  an  airborne  aerologlcal  Instrument  used  to  present 
accurate  measurements  of  temperature,  pressure,  and  humidity.  It  consists  of  an  ^Icator- 
Recordsr  mounted  In  tbe  bow  station  and  an  externally  mounted  faumtdlty/temperature  probe. 
The  aerograph  set  provides  conttnuous  readout  on  counters  as  well  as  printed  data  chart  of 
tha  measurements  made  for  selected  time  Intervals.  Tbe  set  Is  used  primarily  for  measuring 
temperature  and  relative  humidity  at  attitude  to  provide  these  variables  for  analyzing  the 
data  obtained  from  the  Infrared  sensors. 

10.  DIGIT. VL  DATA  SYSTEM 

The  Digital  Data  System  le  a  mission  Information  encoding.  Indicating,  sod  storage  sys¬ 
tem  that  provides  data  matrix  information  for  pbotography  and  DLlR  Imagery  and  provides 
post-flight  printout  of  aircraft  tactical  mission  data.  Time  and  mission  data  are  supplied  to 
the  system  from  a  programmer  sod  the  Verdan  computer  respectively.  Visual  display  of 
time,  to  the  second,  la  provided  for  use  of  the  flight  crew.  Mission  data  Is  simultaneously 
coaverted  to  aerial  data  in  blnaiy-coded-declmal  form  for  recording  on  magnetic  tape. 

Ground  data  reduction  equipment  provides  a  modified  octal  printout  of  mission  information 
for  each  second  of  Urns.  Conversion  of  the  modified  octal  data  to  decimal  must  be  accom- 
pllsbed  manually,  which  is  a  tedious  and  Inefficient  process  and  permits  the  processing  of 
only  the  most  essential  mission  parameters  for  specific  times  requiring  data  correlation. 

To  obtain  plain  language  printouts  of  mission  data,  a  costly  IBM  computer  would  have  to  have 
been  bought.  For  thle  reason,  the  system  was  rarely  utilized.  The  Information  recorded  by 
the  Digital  Data  System  la  as  follows;  Tims.  Latitude,  Looglbide,  True  Heading,  Ground 
Speed,  Track,  Drift  Angle.  RsdarAltltude,  Roll.  Vertical  Velocity,  FUR  tilt,  LORAN 
Time  Difference  "A”,  LORAN  Time  Difference  ”B”  and  Barometric  Pressure. 
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11.  MARK  n  PANORAMIC  CAMERA  SYSTEM 

This  system  consists  of  a  lightweight  panoramlo  camera  and  mount  manufactured  by 
Perkln^EImer,  Inc.  It  takes  successive  180-degTee  exposures  hy  means  of  a  continuously 
rotating  scanning  head  prism,  a  3-inch  E.  F.  L.  F/8  fixed  objective  lens  focused  at  Infinity 
and  a  mirror  which  projects  sweeping  Imeges  of  e  180-deg^  le  field  through  a  focel  plane 
slit.  The  resolving  power  cf  the  optlcel  system  Is  40  llnes/um.  The  camera  uses  70-mm 
standard  base  film  supplied  on  1,000-foot  reels.  It  Is  strictly  for  daytime  use  and  was  used 
only  during  one  day  familiarization  flight  over  Route  110. 

12.  KA-53A  CAMERA  SYSTEM 

This  la  an  airborne  reconnaissance  system  manufactured  by  Chicago  Aerial  Industries, 
Inc.  It  has  a  12-lnch  E,  F.  L.,  F/3.5  to  F/6. 7  fixed  objective  lens  focused  at  Infinity.  It  uses 
standard  S-lnch  by  250-foot  long  film.  It  Is  a  high  resolution  camera  which  Is  capable  of 
operating  within  a  wide  range  of  altitudes  and  ground  speeds.  Tactical  mlaslon  data  la  pro¬ 
vided  to  the  system  from  the  Digital  Data  System  and  Is  annotated  on  the  Rtm.  The  camera 
Is  usshle  In  daytime  only  and  was  Installed  In  the  aircraft  for  the  purpose  of  substantiating 
the  accuracy  of  the  data  provided  hy  the  navigation  eystem. 

13.  EXPLOSION  SUPPRESSIVE  FOAM 

a.  The  hiel  tanka  of  the  aircraft  were  packed  with  polyurethane  foam  to  pr  ovlde  ex¬ 
plosion  protection  against  ground  fire.  Seven  hundred  and  Qve  pounds  of  foam  wers 
required,  and  the  quantity  of  fuel  dlaplaced  had  no  significant  effect  on  aircraft 
range. 

h.  The  foam  produced  no  adverse  effect  on  aircraft  operation.  Periodic  ftiel  samples 
were  checked  for  contamination  level,  and  all  resuhs  were  well  helow  allowable 
llmtte.  The  aircraft  accumulated  approximately  400  hours  of  flight  since  instal¬ 
lation  of  the  foam  in  January  1967.  No  bullet  hits  were  received  hy  the  aircraft. 

It  la  believed  that  the  operational  experience  gathered  from  this  pilot  project  haa 
added  significantly  to  the  existing  data  and  raised  the  confidence  level  In  the  uae 
of  thla  material,  which  la  receiving  universal  interest. 

14.  STARUGHT  SCOPE 

The  starlight  scope  la  a  small,  lightweight  passive  night  image  IntensUler  device  con¬ 
sisting  of  an  ohjective  lens.  Image  intensifier  tube,  eyepiece,  power  supply,  and  retlcls 
assembly.  This  particular  uevlce  differs  from  the  standard  Item  In  that  it  him  a49-degree 
field  of  view  and  la  a  one-power  scope.  The  standard  starlight  scope  haa  a  10.4-degree 
field  of  view  and  has  a  magnification  of  four  times.  The  weight  of  thla  scope  la  approxl- 
mataly  s lx  Ib,  and  Its  dimensions  are  approximately  14  Inches  x  3  1/2  Inches.  It  Is  not 
mounted  to  any  part  of  the  aircraft,  ^  Its  use  on  tUa  program  was  limited  to  being  hand¬ 
held  by  the  bow  operator.  It  served  very  effectively  u  >  road-followiag  aid. 

15.  TARGET  MARKER 

a.  The  target  marker  carried  on  board  the  aircraft  was  a  standard  Mk  24  parachute 
flare,  but  modified  by  removing  the  flare  candle  and  adding  a  compensating  weight. 
The  10 -foot  diameter  parachute  was  coated  with  a  chemiluminescent  material 
which  glows  with  a  non-heat  producing  fluorcsce*ice  when  exposed  to  air.  The 
parachute  canister  Is  dispensed  from  the  sonobuoy  chute  of  the  aircraft  and  con¬ 
tains  a  pyrotechnic  timer  for  deploying  the  p.irachute. 
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b.  During  teitB  coDductsd  In  forested  sreu  of  Laos  and  Thailand,  the  paracbutea, 
when  dropped,  draped  over  tree  canopies  and  were  easily  tIbILIo  at  three  to 
fire  miles  from  1,000  feet  alUlude.  The  emitted  light  deteriorates  to  about 
S0%  In  elx  mlnutee  and  becomee  non-vleibte  after  about  35  mlnutee. 
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GENERAL 

Thii  report  dUeuaaed  u  erthietion  of  the  Infrared  Imtgeiy  produced  by  the  two  0-5  Infra¬ 
red  ■cannen,  inataUed  In  a  tandem  configuration  In  the  Mud^  Hill  aircraft.  The  Imagery 
reviewed  waa  collected  during  the  period  20  September  to  17  November  1967.  Thla  evaluation 
waa  conducted  during  the  week  of  20  to  25  November.  A  total  of  31  flighta  which  produced  55 
lengtha  of  film  totaling  4300  teet  of  film  were  acreened  for  thla  evaluation. 

OBJECTIVE 

The  primary  objective  of  thla  analyala  waa  to  evaluate  the  D-5  Image  (joality,  and  to  de¬ 
termine  Ita  effect  on  target  detection. 

EVALUATION 

To  perform  an  analytical  evaluation  anUiln  the  limited  time  available,  the  film  prrametera 
of  contraat,  denally,  leaoluUon  and  malfunctlona  were  aelected  and  graded  Independently  to 
arrive  at  n  general  Image  quality  rating.  The  gradea  of  poor,  fair,  good  and  very  govd  were 
qualitatively  aaaigned  to  each  of  tbeae  parametera.  Weather  ronditlona,  flight  prcfllea,  anu 
time-over-target  were  alao  noted  If  it  waa  felt  that  they  influenced  the  Image  preaentation. 
Operational  USAF  RS-10  Imagery  waa  uaed  aa  the  basis  for  q>iallty  comparison. 

A  total  of  21  teat  flighta  were  made  daring  the  teat  period.  Moet  of  theee  were  flown  In  the 
vicinity  of  the  Udora  Royal  Thai  Air  Force  Base,  to  determine  the  reautta  of  equipment  mod- 
Ificationa.  Sixteen  of  theee  flights  were  made  during  daylight  boura  with  nearly  Ideal  weather. 
The  remaining  nine  fU^ta  were  made  at  night.  Out  of  a  poaslble  42  film  etrlpe  (2  per  flight), 
39  atripe  were  recorded.  On  three  fUfdita,  one  of  the  ecannera  &lled  to  produce  any  film. 
Eighteen  film  atnpa,  repreaentlng  of  the  total  available,  were  graded  &lr  to  g^. 
Twenty  one  film  atripe,  representiog  50%  of  the  total  available,  were  rated  good  to  very 
good  in  general  film  quality. 

During  the  10  operations!  mlaaiona  flown  over  Laos  19  film  etrlpa  were  recorded  from 
both  eyatems.  Only  once  did  a  ayatem  Indicate  a  film  drive  atoppege  during  the  operational 
phase.  Twelve  film  etrlpe  repreeentlng  60%  of  the  operational  fUghtJ  received  blr  to  poor 
ratings.  Seven  etrlpa  repreaentlng  35%  of  the  mleeloos  were  graded  good  to  very  good  In 
image  presentation.  The  times  over  target  and  area  flown  definitely  led  to  the  poorer  quality 
of  the  operatlopal  fUghU.  It  must  be  noted  that  the  percentagee  are  valid  only  to  a  relative 
degree  due  to  the  email  statistical  sample  uaed. 

Both  eyitema  were  continually  plagued  by  problems  and  malfunctions  during  the  evaluation 
period.  Electromagnetic  interference  <E.MI)  resulting  In  atrtatlona,  banding,  \1deo  sweep 
lose  and  noise  aplkea  on  the  film  recori  was  the  moet  prevalent  problems  encountered.  These 
malAmctlona  definitely  degraded  the  detectability  of  vehicular  ty^  targets  since  their  eubtle 
returns  arc  degraded  ioUi  the  biickgroutal  noise.  This  luterference  can  generally  be  attributed 
to  external  eources  euch  aa  the  doppler  navigation  radar.  IFF,  and  400-cycle  line  noise.  The 
aircraft  posaeesee  continual  transients  and  generally  moat  other  electronic  systems  were 
affected  t)  eoms  degree, 

lucorrect  equipment  gain  and  level  aettinga  degraded  much  of  the  DLIR  Imagery.  Subtle 
targets  aucb  aa  aampana  and  camouflaged  vehicles  are  not  detectable  without  optimum  sys¬ 
tem  aettinga.  Level  thifta  In  both  contrast  and  denal.T  affected  much  of  the  Imagery  during 
the  early  part  of  the  program.  This  was  partly  due  to  the  ebort  time  conataat  of  the  origlasi 
D-5  scanner  and  waa  alleviated  after  the  time  cooatanta  were  adjusted  to  agree  with  those 
of  the  RS-IO.  Variation  In  printing  contrast  acroaa  the  ecan,  commonly  termed  shading, 
contributed  to  a  lose  of  target  information.  This  shading  ana  prevalent  during  the  latter  part 
of  the  program. 
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Roll  Btiblliution  problem!  which  ctuied  ground  object*  to  appear  "Jittered"  on  the  Imageiy 
reduced  the  probability  of  target  detection.  Both  target  alia  and  ehape  were  dlatorted  bf  thla 
malftmctloQ. 

Each  acanner  had  unique  problema  aaBoclated  with  that  ayatem.  The  aft  agatem  had  roll 
BtablUzatlon  and  nolae  problema  while  the  forward  ay.4teta  waa  continually  odt  of  focua.  Thla 
poor  focua  coodltloD  precluded  the  One  edge  dennitlon  required  to  properly  Identify  target* 
a*  found  In  operation^  area*.  T*'*?  focua  problem  degraoed  the  effective  apatlal  reaohitlon  to 
1.35  mllllra^ana  In  the  forward  acanner.  Rear  acanner  reaohitlon  waa  determined  to  be 
0,69  xnlUiradlan. 

Thaae  were  the  moat  ccmmoo  ayatem  problema  which  were  evident  during  thla  DLIR  film 
evaluation.  Aa  a  aummaty,  a  llat  of  coochialooa  and  recommendatlona  have  been  compiled. 

CONCLUSIONS 

1.  The  DLIR  D>S  ayatema  were  Incapahle  of  detecting  vehlclea  In  an  operational  envlrcn- 
ment  with  any  regularity. 

2.  Image  quality  and  preaentaUon  are  definite  factor*  In  the  detection  of  aubtle  targeta 
auch  aa  camouflaged  truck*  infiltrating  through  aouthera  Lao*.  Combined  D-$  image  quality 
over  10  operational  and  21  teat  flight*  waa  rated  only  fair  to  good  In  overall  preaentaUon. 

3.  External  electromagnetic  Interference  reauHlng  In  ctrlatloo*,  beading  and  nolae  aplkea 
wa*  the  major  factor  In  Image  degradation.  Noo-focuied  optica,  poor  contraat  and  printing 
deualUaa  atao  precluded  good  Image  quality. 

4.  Weather,  flight  profilea  and  time*  over  target  were  tnalgnlflcant  factor*  in  determin¬ 
ing  Image  quality  during  the  teat  program. 

RECOMMENDATIONS 

1.  Future  ayatema  ahoukl  have  provtalon*  for  moeltcrlng  and  adjuattng  tha  aignal  and 
prInUng  level*  to  compen*at*  for  varying  terrain  and  weather  condition*.  An  Inflight  dt*play 
would  ^  uaehil  for  operator  control  ^  terrain  preaentaitton. 

2.  Future  ayatema  ahoukl  be  laolated  from  external  aourcea  of  electromagneUc  Inter¬ 
ference  either  hy  phyalcal  aeparatlon  and/or  electrical  ahleldlng.  Thla  ayatema  power  re¬ 
quirement*  ahould  be  Altered  alao  to  mlnlralxe  electrical  nolae. 

3.  Future  ayatema  ahould  have  provleloD*  for  eary  optical  foctiaalng  and  coUlmatora 

ahoukl  be  uaed  to  maintain  the  critical  focua.  » 

4.  Future  teat  flight*  Involving  Infrareo  ayatema  ahould  be  conducted  at  night  to  yield 
reallaUc  reeuha.  Teat  flight*  to  eliminate  nolae  az>d  Interference  are  aa  exception. 

5.  Resolution  target*  ahoukl  be  overflown  at  the  beginning  and  end  of  each  mlaaion  to 
readily  detect  aqy  ay  item  degradation. 

6.  Additional  ayatema  for  aparea  ahould  be  available  In  ftitare  programa. 

7.  All  hiture  ayatema  aboula  be  teated  and  evaluated  over  CONUS  rangea  auch  a*  Under- 
hruah  at  Egiln  APG  prior  to  operational  deployment. 


ft*te#nf  •f•••iffMHM  W  Mil*  ir^  mi  mkmttmtt  «f«4  t^t^mtnj  mmtmnm  mmmf  »•  mfrm4  ihm  m^mH  wp»H  tm  »ii>«rff>^ 
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It  Av*ik*tikiTT/i.i«iT*Tto«  MOTicitio  sddltloo  to  secuTlty  requirementa  which  muat  be  met.  thla 
document  la  aiAJect  to  special  export  controls  and  each  transmittal  to  foreign  governnoente 
or  foreign  nationals  may  be  made  orJy  with  prior  approval  of  the  Tacbnlcal  Operatlona 
Division.  Denutv  for  Limited  War.  Wrlshi-Patterson  Air  Force  Base.  Ohio  45433. 

11  I^OCtOniNa  HlklTAHV  activitt 

Deputy  for  Limited  War 

Air  Force  Svatems  Commaod 
Wrlght-Patteraon  AFB.  Ohio  45433 _ 

II  AflTNACT 

Project  Muddy  Hill  wm  eaUbllghed  to  ovaJuate  the  feulhlllty  of  ta  mirbome  multI>Mnsor 
algbt  reconoalasance  syatem.  It  wu  a  Nav}'  project,  with  a  modiflod  Lockbeed  P»2H  aa  the 
teat  vehlclo  and  U.S.  Navy  peraonnel  from  Patuxent  NAS,  Maryland,  aaaifned  to  manai^e 
and  carry  out  *ho  teat  program.  Txs-o  Air  Forco  offlcera  participated  lo  the  program  aa  ao 
Air  Force  Ualaoo  team. 

TNb  primary  aenaora  contained  lo  the  aircraft  were  a  real>tlmo  forwrrd  looking  Infrared 
acKoner.  a  low  light  level  televlaloo.  and  a  pair  of  downward  looking  Infrared  recording 
devicea.  After  equipment  Inatallatlon.  aomo  tenting  wae  accompllahcd  at  Greenville.  IVxaa. 
and  Patuxeot  River.  Maryland,  before  the  project  deployed  to  Soutbeaat  Aala  for  operational 
teatlng  and  evaluation. 

The  project  waa  located  at  Udom  RTAFB.  Thailand,  for  four  mootha.  and  operational  mla- 
alona  were  flown  over  onemy  occupied  areaa  of  Laoa.  Numeroua  technical  problema  aaaucl- 
ated  with  the  equlpmeot  reaulted  In  exceaalve  out^of-commlaalon  atatua  and  marginal  oper¬ 
ational  capability.  It  muat  be  concluded  that  the  project  was  unaucoeaaful  lo  performing 
effective  reconnjUaaaoce  In  mountalnoua  Jungle  terrain  but  Ita  primary  value  waa  In  reveallni 
deflclonclea  to  be  corrected  In  follow-on  programs. 

lo  addition  to  aocurlty  requirementa  which  muat  be  mot.  thla  abatract  la  subject  to  special 
export  controls  and  each  transmittal  to  foreign  governments  or  foreign  nationals  may  be 
made  only  with  prior  approval  of  the  Technical  Gyrations  Division.  Deputy  for  Umlled  War, 
Wrlgbt-Patteraon  Air  Force  Base.  Ohio  45433. 
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88  CS/SCOKIF  (FOIA) 

3810  Communications  Blvd 
Wright- Patterson  AFB  OH  45433-7802 

Defense  Technical  Information  Center 
Attn:  Ms.  Kelly  Akers  (DTIC-R) 

8725  John  J.  idngman  Rd.  Suite  0944 
Ft  Belvoir  VA  22060-6218 

Dear  Ms.  Akers 

This  concerns  the  following  Technical  Report; 

Technical  Report  number;  AD0389302 
Technical  Report  Title:  Project  Muddy  HiU 
Technical  Report  Date:  March  1968 
Previous  classification/distri.bution  code:  UNCLAS 

Subsequent  to  WPAFB  FOIA  Control  Number  201.2-00282-F,  the  above  record  has 
been  cleared  for  public  release. 

The  review  was  performed  by  the  following  Air  Force  organization:  AFRL/RY. 

Therefore,  the  above  record  is  now  fully  I'eleasable  to  the  public.  Please  let  my  point 
of  contact  know  when  the  record  is  available  to  the  public.  Email: 
darrin.booher@wpafb.af.mil  If  you  have  any  questions,  my  point  of  contact  is  Darrin 
Booher,  phone  DSN  787-2719. 


Sincerely 


DARRIN  BOOHER,  Civ,  DAF 
Freedom  of  Information  Act  Analyst 
Base  Information  Management  Section 
Knowledge  Operations 


